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(57) ABSTRACT 

The invention relates to the functional analysis of genes in 
cotton by employing the Virus Induced Gene Silencing 
(VIGS) method. More specifically this method induces gene 
silencing in cotton with the help of the Tobacco Rattle Virus 
(TRV) vectors RNA1 and RNA2 and phenotypic effects on 
the cotton plant can be analysed Moreover this invention also 
provides transient expression vector TRV RNA2 in order to 
transiently express genes in cotton plants and plant tissue 
under the influence of a strong Subgenomic promoter. 

13 Claims, 27 Drawing Sheets 
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1. 

VIRUS INDUCED GENESILENCING (VIGS) 
FOR FUNCTIONAL ANALYSIS OF GENESN 

COTTON 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application is a national stage filing under 35 
U.S.C. S371 of PCT/SG2010/000220, filed on 10 Jun. 2010 
which in turn claims priority to U.S. provisional patent appli 
cation Ser. No. 61/185,631 filed on 10 Jun. 2009, both are 
incorporated herein by reference. 

SEQUENCE LISTING SUBMISSION 

The present application is being filed along with a 
Sequence Listing in electronic format. The Sequence Listing 
is entitled 2577 195PCT Sequence Listing..txt, created on 
3 Jun. 2010. The information in the electronic format of the 
Sequence Listing is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of functional 
analysis of cotton genes on a genomic scale. More specifi 
cally, the present invention relates to a method for high 
throughput functional analysis of cotton genes on a genomic 
scale using virus-induced gene silencing (VIGS). The present 
invention also relates to a transient expression vector for 
transiently expressing genes in cotton plants and to a method 
for transient expression of genes in cotton plants. 
The publications and other materials used herein to illumi 

nate the background of the invention or provide additional 
details respecting the practice, are incorporated by reference, 
and for convenience are respectively grouped in the Bibliog 
raphy. 

Cotton (Gossypium spp.) is the world’s most important 
fiberplant and a significant oilseed crop, being grown in more 
than 80 countries with a record of 122 million 480-pound 
bales in world production during the 2006/2007 growing 
season (United States Department of Agriculture-Foreign 
Agricultural Service). The deficit between consumption and 
production has happened in 1994/1995 and is forecasted to 
continue to widen to 2.5 million 480-pound bales in the 
2009/2010 growing season (United States Department of 
Agriculture-Foreign Agricultural Service USDA-FAS 
2009). Cotton production provides income for approximately 
100 million families, and approximately 150 countries are 
involved in cotton import and export (Lee et al., 2007). Its 
economic impact is estimated to be approximately $500 bil 
lion/year worldwide. Moreover, modifying cotton-seed for 
food and feed could profoundly enhance the nutrition and 
livelihoods of millions of people in food-challenged econo 
mies. Cotton is also a potential candidate plant of renewable 
biofuel. Cotton fiber is composed of nearly pure cellulose. 
Compared to lignin, cellulose is easily convertible to biofuels. 
Optimized cotton fiber production and processing will ensure 
that this natural renewable product will be competitive with 
petroleum-derived synthetic non-renewable fiber to ensure 
more Sustainable development. 

To solve the issues stated above, many agronomic proper 
ties of cotton, such as fiber length and strength, agricultural 
productivity, drought tolerance and pest resistance need to be 
enhanced by the availability of genetic resources and rapid 
methods to identify gene functions (Udall et al., 2006). 
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2 
Cotton is an important crop that is widely grown and is 

used to produce both natural textile fiber and cotton seed oil. 
Cotton fiber is a model system for the study of cell elongation 
and cell wall and cellulose biosynthesis. And it is unicellular, 
therefore cell elongation can be evaluated independently 
from cell division. One of the most significant benefits for 
using cotton fiberas a model system for plant development is 
that a culture method for cotton ovules was perfected by 
Beasley and Ting (1973). 

Gossypium includes approximately 45 diploid (2n=2x=26) 
and five tetraploid (2n=4x=52) species, all exhibiting disomic 
patterns of inheritance. Most modern cotton varieties are 
forms of Gossypium hirsutum (upland cotton, tetraploid), 
about 95% of annual cotton crop worldwide, although three 
other species are also utilized to a lesser extent, Gossypium 
barbadense (tetraploid), Gossypium arboreum (diploid), and 
Gossypium herbaceum (diploid). These three species are also 
very important genetic resources and offer gene reservoir for 
special breeding purpose. For example, G. herbaceum, with 
high resistance to biotic and abiotic stresses, can be used as a 
good start genetic material for interspecies crossings with G. 
hirsutum to improve its resistance to various stresses. There 
fore, a species independent method for gene functional analy 
sis in Gossypium genus and relative plants is also greatly 
needed. 

Currently, complete sequencing of cotton genomes is just 
beginning. Meanwhile, an ever-expanding set of Gossypium 
EST sequences (about 400,000 now) and derived unigene sets 
from different libraries constructed from a variety of tissues 
and organs under a range of growth conditions are accessible 
on the web, as well as by microarray analyses based on these 
sequences (Udall et al., 2006). The availability of other plant 
genomic sequences serves as a useful platform for identifying 
and annotating putative orthologs in cotton EST databases. 
Even though analogies can be drawn between cotton fiber 
differentiation and the formation of leaf trichomes and sec 
ondary-walled xylem cells, ultimately the function of puta 
tive orthologous genes needs to be tested directly in cotton. In 
addition, cotton fibers are known to express genes with no 
known homologs in other plants, which may confer Some of 
the unique properties of fibers. Even if the function of several 
transcriptional factors genes have been tested in Arabidopsis, 
their exact functions need to be further verified in the homo 
logus cotton plant. 
An important strategy to identify agronomic and quality 

traits of Gossypium is by stable transformation into cotton. 
However, the inefficient production of stably transformed 
cotton plants limits geneidentification on a large scale. More 
over, such procedure is laborious and time consuming and not 
Suitable for high throughput analysis on a genomic scale. 
Furthermore, only few cultivars can be used for host for 
transformation. Normally, it is difficult to directly identify 
important genetic elements from good start genetic materials 
by stable transformation in cotton. 

Thus, it is desired to develop a method for the species 
independent high-throughput functional analysis of Gos 
sypium genes on a genomic scale. 

SUMMARY OF THE INVENTION 

The present invention, in one embodiment, relates to a 
method of directly manipulating expression of a target gene in 
cotton (Gossypium spp.) plants. More specifically, the present 
invention relates to a method of modulating or inhibiting 
expression of one or more target genes in all cotton species 
and germplasms, in particular, in tetraploid cotton, such as 
upland cotton (Gossypium hirsutum) and Gossypium bar 



US 8,853,493 B2 
3 

badense, in diploid cotton, Such as Gossypium herbaceum 
and Gossypium arboreum, and in germplasms derived from 
intra-species and inter-species crossings. Genes belonging to 
several functional categories, including transcriptional factor 
involved in development, small RNA pathway and secondary 
metabolites biosynthesis, etc have been tested by this method. 
It is specifically contemplated that the methods and compo 
sitions of the present invention are useful in the functional 
analysis of cotton genes. 
The present invention relates to the field of functional 

analysis of cotton genes on a genomic scale. More specifi 
cally, the present invention relates to a method for high 
throughput functional analysis of cotton genes on a genomic 
scale using virus-induced gene silencing (VIGS). The present 
invention also relates to a transient expression vector for 
transiently expressing genes in cotton plants and plant tissue 
and to a method for transient expression of genes in cotton 
plants and plant tissue. 
The present invention relates to the use of VIGS to evaluate 

gene function in cotton (Gossypium spp.) plants and plant 
tissue reliably and rapidly, and in a high-throughput manner. 
In one aspect, the present invention provides an efficient and 
reproducible system and procedure for VIGS in cotton (such 
as, Gossypium hirsutum). In one embodiment, the present 
invention provides for the further re-synthesis of the whole 
tobacco rattle virus (TRV) viral genomes. In an additional 
embodiment, the present invention provides for a rapid 
silencing procedure for genome wide functional analysis. In a 
further embodiment, the present invention provides for the 
use of TRV VIGS system for cloning and functional identi 
fying several functional categories genes. These important 
genes can be used to improve cotton agronomic traits such as 
pest resistance. 

In one embodiment, the vector comprising TRV RNA2 and 
the vector comprising TRV RNA1 are synthetic plant vectors. 
In another embodiment, the TRV RNA2 comprises a first 
silencing sequence that is capable of silecing a first desired 
gene. In one embodiment, the first silencing sequence is the 
sequence of a sense Strand of the desired gene. In an addi 
tional embodiment, the first silencing sequence is the 
sequence of an antisense strand of the desired gene. In another 
embodiment, the first silencing sequence is a sequence encod 
ing a short hairpin RNA (shRNA) that is capable of RNA 
interference (RNAi) of the first desired gene. In an additional 
embodiment, the first silencing is a sequence encoding a 
precursor micro-RNA (miRNA) or miRNA that is capable of 
RNAi of the first desired gene. In a further embodiment, the 
nucleic acid further comprises a second silecing sequence 
capable of silecing a second desired gene. In a further 
embodiment, the nucleic acid comprises more than two 
silencing sequences capable of silencing more than two 
desired genes. 

In some embodiments, the desired gene is a candidate 
transcription factor gene. In another embodiment, the desired 
gene is a candidate gene in chlorophyll or carotenoids bio 
synthesis. In a further embodiment, the desired gene is a 
candidate gene in flavonoid biosynthetic pathway. In another 
embodiment, the desired gene is a candidate gene in proan 
thocyanidins and anthocyanidins biosynthetic pathway. In an 
additional embodiment, the desired gene is a candidate gene 
in cotton fiber development. In a further embodiment, the 
desired gene is a candidate gene in cotton fiber initiantion, 
elongation, secondary wall deposition, maturation or seed 
development. In one embodiment, the desired gene is a can 
didate gene in small RNA (smRNA) biosynthesis. In another 
embodiment, the desired gene is a candidate gene in biosyn 
thesis of secondary metabolic toxic agents and also important 
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4 
for plant resistance to biotic stress. In a further embodiment, 
the desired gene is a candidate gene correlating to cell elon 
gation, cell wall biosynthesis and cellulose biosynthesis. 

Thus in a first aspect, the present invention provides a 
method of virus-induced gene silencing (VIGS) in cotton. In 
accordance with this aspect, the method comprises: 

(a) inserting a nucleic acid comprising a first silencing 
sequence that is capable of silencing a first desired gene into 
a vector comprising a tobacco rattle virus (TRV) RNA2 
sequence to produce a modified TRV RNA2 vector; 

(b) preparing a mixed culture of Agrobacterium compris 
ing Agrobacterium containing a vector comprising a TRV 
RNA1 sequence and Agrobacterium containing the modified 
TRV RNA2 vector; 

(c) introducing the mixed culture of Agrobacterium into 
plant tissue of cotton to produce infected plant tissue; and 

(d) growing the infected plant tissue for a Sufficient time to 
induce gene silencing of the first desired gene. 

In one embodiment of this first aspect, the plant tissue is a 
cotton plant or a cotton seedling. In this embodiment, an 
infected plant is produced in step (c) and the infected plant is 
grown in step (d). In another embodiment of this first aspect, 
the plant tissue is a cotton ovule. In this embodiment, an 
infected cotton ovule is produced in step (c) and the infected 
cotton ovule is grown in culture in step (d). In an additional 
embodiment, the plant tissue is cotton fiber. In this embodi 
ment, infected cotton fiber is produced in step (c) and the 
infected cotton fiberis grown in culture in step (d). In a further 
embodiment, a cotton plant or seedling is infected and the 
virus spreads through the cotton tissue, such that VIGS occurs 
in all tissue of the infected cotton plant or seedling. 

In another aspect, the present invention provides a method 
of analyzing gene function in cotton. In accordance with this 
aspect, the method comprises: 

(a) inserting a nucleic acid comprising a silencing 
sequence that is capable of silencing a candidate gene into a 
vector comprising a tobacco rattle virus (TRV) RNA2 
sequence to produce a modified TRV RNA2 vector; 

(b) preparing a mixed culture of Agrobacterium compris 
ing Agrobacterium containing a vector comprising a TRV 
RNA1 sequence and Agrobacterium containing the modified 
TRV RNA2 vector; 

(c) introducing the mixed culture of Agrobacterium into 
plant tissue of cotton to produce infected plant tissue; 

(d) growing the infected plant tissue for a Sufficient time to 
induce gene silencing of the candidate gene; and 

(e) analyzing the phenotypic effect of the silenced candi 
date gene on the infected plant tissue. 

In one embodiment of this second aspect, the plant tissue is 
a cotton plant or a cotton seedling. In this embodiment, an 
infected plant is produced in step (c) and the infected plant is 
grown in step (d). In another embodiment of this first aspect, 
the plant tissue is a cotton ovule. In this embodiment, an 
infected cotton ovule is produced in step (c) and the infected 
cotton ovule is grown in culture in step (d). In an additional 
embodiment, the plant tissue is cotton fiber. In this embodi 
ment, infected cotton fiber is produced in step (c) and the 
infected cotton fiberis grown in culture in step (d). In a further 
embodiment, a cotton plant or seedling is infected and the 
virus spreads through the cotton tissue, such that VIGS occurs 
in all tissue of the infected cotton plant or seedling. 

In a further aspect, the present invention provides a tran 
sient expression vector and method for transiently expressing 
genes in cotton plants or cotton tissue. In accordance with this 
aspect, the transient expression vector comprises a TRV 
RNA2 sequence and at least one copy of a strong Subgenomic 
promoter and optionally a nucleic acid comprising a first 
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sequence of interest. In one embodiment, the Subgenomic 
promoter is one that is recognized by the replicase of TRV. In 
another embodiment, the Subgenomic promoter is a strong 
coat protein subgenomic promoter. In a further embodiment, 
the subgenomic promoter is derived from a Tobravirus other 
than TRV. In one embodiment, the subgenomic promoter is a 
synthetic pea early browning virus (PEBV) subgenomic pro 
moter. In another embodiment, the Subgenomic promoter is a 
Pepper ringspot virus (PepRSV) coat protein subgenomic 
promoter. The nucleic acid of interest for transient expression 
in cotton is inserted downstream of the Subgenomic promoter 
and is operably linked to this promoter. 

In accordance with this aspect, the method for transiently 
expressing a nucleic acid of interest in cotton tissue com 
prises: 

(a) inserting a nucleic acid comprising a first sequence of 
interest to be expressed in a cotton plant into a transient 
expression vector comprising a tobacco rattle virus (TRV) 
RNA2 sequence and at least one copy of a strong Subgenomic 
promoter to produce a TRV RNA2 expression vector, wherein 
the nucleic acid is operably linked to the Subgenomic pro 
moter, 

(b) preparing a mixed culture of Agrobacterium compris 
ing Agrobacterium containing a vector comprising a TRV 
RNA1 sequence and Agrobacterium containing the TRV 
RNA2 expression vector; 

(c) introducing the mixed culture of Agrobacterium into 
plant tissue of cotton; and 

(d) growing the infected plants for a Sufficient time to 
transiently express the desired gene. 

In one embodiment of this further aspect, the plant tissue is 
cotton seedlings. In another embodiment of this further 
aspect, the plant tissue is cotton ovules. In an additional 
embodiment of this further aspect, the plant tissue is cotton 
plants. In a further embodiment, the plant tissue is cotton 
fiber. In a still further embodiment, a cotton plant or seedling 
is infected and the virus spreads through the cotton tissue, 
such that VIGS occurs in all tissue of the infected cotton plant 
or seedling. 

In another aspect, the present invention provides a modi 
fied TRV RNA1 vector. In accordance with this aspect, the 
modified TRV RNA1 vector comprises the TRV RNA1 
sequence into which at least one intron has been inserted. In 
a further aspect, TRV RNA genome is modified to remove 
putative intron-like features and potential problematic 
regions. Such as long thymine-rich sequence. This modified 
TRV RNA1 vector can be used in place of the vector contain 
ing TRV RNA1 in any of the above methods. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 illustrates a method for cotton transient expression 
in accordance with the present invention. The transient 
expression can be used for virus-induced gene silencing 
(VIGS) or for gene expression. 

FIG. 2 shows schematic drawing of TRV RNA1 modifica 
tion with one intron insertion. 

FIGS. 3A-3C show the silencing of the Gossypol biosyn 
thesis gene. FIG. 3A: Phenotypes of cotton plants infected 
with control and psTRV2:CAD. FIG. 3B: Quantitative real 
time PCR using total RNA extracted from upper leaves of 
treated plants. The real-time PCR analysis showed that CAD 
transcript levels were greatly reduced in systemic leaves. FIG. 
3C: HPLC chromatograms of gossypol and related sesquit 
erpenoids from cad silenced cotton leaves. CK: vector control 
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6 
infected; CAD, leaves from plants silenced in cadinene Syn 
thase expression. tert-butylanthraquinone was used as an 
internal standard. 

FIGS. 4A-C show the VIGS effect on one chlorophyll 
biosynthesis gene magensium chelatase CH42 gene and the 
effect of carotene biosynthesis gene phytoene desaturase 
(PDS) gene. Cultures of Agrobacterium tumefaciens strains 
carrying psTRV1 or psTRV2 (Vector control 1 +2 (FIG. 4A) 
or check (FIG. 4B), psTRV2:CH42 (FIGS. 2A and 2B), 
psTRV2:PDS (FIG. 2A)) were mixed in 1:1 ratio. Mixed 
culture was vacuum infiltrated into G. hirsutum plants at 2-3 
leaf stage plants. FIG. 4A shows cotton leaves taken at 14 
days post inoculation (DPI), while FIG. 4B show cotton buds 
and taken at 45 DPI. The CH42 enzyme is responsible for 
adding Mg into the porphyrin ring during chlorophyll biosyn 
thesis. Silencing of the CH42 gene blocked chlorophyll syn 
thesis in newly emerging leaves which lost their green color 
but appeared yellow owing to the presence of carotenoids. 
FIG. 4C: Quantitative RT-PCR analysis to determine the 
RNA level of silenced G. hirsutun CH42 RNA levels in the 
CH42 treated and G. hirsutum PDS RNA levels on PDS 
treated cotton new emerged leaves. The numbers represent 
average values from 3 independent experiments with stan 
dard deviations. The real-time PCR analysis showed that 
CH42 and PDS transcript levels were greatly reduced in sys 
temic leaves. 
FIGS.5A-C show show the VIGS system works not only in 

tetraploid cotton G. hirsutum, but also in diploid cotton Gos 
sypium arboreum (Fig. A. Fig. B), and Gossypium herbaceum 
(Fig. C). 

FIG. 6 shows the amino acid sequence comparison of the 
predicted putative cotton AS1 (GhaS1) protein (SEQ ID 
NO:18) with the Arabidopsis thaliana AS1, AtAS1 (Gen 
Bank accession number: NM 129319; SEQIDNO:19), Nic 
otiana tabacum AS1, NtAS1 (GenBank accession number: 
AY559043; SEQ ID NO:20), and Selaginella kraussiana 
ARP, SkARP (GenBank accession number: AY667452: SEQ 
ID NO:21). CLUSTALW produced alignment file was for 
matted and consensus sequence (SEQID NO:22) was listed 
below. The conserved R2R3 MYB domain is underlined. 

FIGS. 7A-7H show the silencing of the transcription factor 
AS1. FIGS. 7A-7D: Phenotypes of cotton plants infected 
with psTRV2:AS1. FIGS. 7F and 7G: Scanning electron 
microscopy of cotton plants infected with psTRV2: AS1. FIG. 
9H: Quantitative real-time PCR using total RNA extracted 
from upper leaves of treated plants. The real-time PCR analy 
sis showed that AS1 a transcript levels were greatly reduced in 
systemic leaves. PB: primary blade; EB, ectopic blade; ebad: 
ectopic blade adaxial; ebab: ectopic blade abaxial. CK: vector 
control infected; AS1, leaves from plants silenced in AS1 
expression. 

FIGS. 8A-8C show phenotypes of cotton plants infected 
with psTRV2:AGO1. PB: primary blade; EB, ectopic blade. 

FIGS. 9A and 9B show the silencing of anthocyanidin and 
proanthocyanidin biosynthesis gene ANS and ANR in cotton 
leaves. FIG. 9A: Phenotypes of cotton plants infected with 
psTRV2:ANS or with sTRV2:ANR showing effects on 
leaves, petioles and buds. FIG. 9B: Quantitative real-time 
PCR using total RNA extracted from upper leaves of treated 
plants. The real-time PCR analysis showed that ANR and 
ANS transcript levels were greatly reduced in systemic 
leaves. CK: vector control infected; ANR, leaves from plants 
silenced in ANR expression: ANS, leaves from plants 
silenced in ANS expression. 

FIG. 10 shows the silencing of anthocyanidin and proan 
thocyanidin biosynthesis gene ANS and ANR in cotton bark. 
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FIG. 11 shows the silencing of anthocyanidin and proan 
thocyanidin biosynthesis gene ANS and ANR in different 
cotton organs. 

FIG. 12 shows the silencing of anthocyanidin and proan 
thocyanidin biosynthesis gene ANS and ANR in cotton buds. 

FIGS. 13 A-13N show the silencing of the CtBP ortholog 
gene AN in cotton in leaves (FIGS. 13A and 13B), flower bud 
andball in psTRV2:AN treated plants (FIGS. 13D, 13F, 13H, 
13J, 13L and 13N) and in flower bud and ball in control plants 
(FIGS. 13C, 13E, 13G, 13I, 13K and 13M). 

FIG. 14 shows silencing of the CtBP ortholog gene AN in 
cotton ovule and fiber. CK: vector control infected; ANR, 
leaves from plants silenced in AN expression. 

FIG. 15 shows that the cotton CtBP orthologgene AN plays 
a key role in cotton fiber initiation. 1+2: vector control 
infected; AN, leaves from plants silenced in AN expression. 

FIGS. 16A and 16B show silencing of the CtBP ortholog 
gene AN in cotton systemic leaves (FIG. 16A) and ovules 
(FIG. 16B). The real-time PCR analysis showed that AN 
transcript levels were greatly reduced in both systemic leaves 
and ovules. CK: vector control infected; AN, leaves from 
plants silenced in AN expression. 

FIGS. 17A-J show silencing of cytoskeleton gene Katanin 
(KTN) in cotton. Phenotypic effect in vector control treated 
plant (FIG. 17A), in psTRV2: KTN treated plant (FIG. 17B), 
in flower bud and ball in psTRV2: KTN treated plants (FIGS. 
17D, 17F, 17H and 17J) and in flower bud and ball in control 
plants FIGS. 17C, 17D, 17G and 17I). 

FIG. 18 shows that KTN is an essential gene for cotton fiber 
elongation. 

FIG. 19 shows that KTN plays a role in leaf trichome length 
and patterning. 

FIGS. 20A-20E show plants infected with psTRV2:GFP. 
FIG. 20A: Phenotype of plants infected with empty vector. 
FIGS. 20B-20D: Phenotypes of plants infected with psTRV2: 
GFP. FIG. 20E: Western blot of plants infected with psTRV2: 
GFP. Top panel: GFP protein band detected with anti-GFP 
antibody. Bottom panel: rbcL band stained with coomassie 
brilliant blue, which serves as a loading control. Lane 1: 
empty vector, lanes 2-4, 3 independent plants infiltrated with 
psTRV2:GFP. 

FIGS. 21A and 21B show cotton ovule culture. FIG. 21A: 
2-week culture in BT medium. FIG.21B: Length offibers on 
in vitro ovule culture. 

FIGS. 22A and 22B show actin gene expression in cotton. 
FIG. 22A. Ovules treated with psTRV1+psTRV2. All of 
ovules can grow fiber well. FIG. 22B: Ovules treated with 
psTRV1+psTRV2: Actin 1. Although the ovules can grow 
fiber, fibers were shorter than control fibers. 

FIGS. 23A-23L show scanning electron micrographs of 
the ovule surface of VIGS-Gh Actin1, VIGS-Gh ADF1 and 
psTRV1+psTRV2. FIGS. 23A-23D: Ovules infected by 
psTRV1+psTRV2 at 0 (FIG. 23A), 1 (FIG. 23B), and 2 (FIG. 
23C, FIG. 23D) DPA and scanned on 1 (FIG.23A, FIG.23B, 
FIG. 23C), and 2 (FIG. 23D) days after infected. Note the 
length of fibers increases with time. FIGS. 23E-23H: Ovules 
infected by psTRV1+psTRV2:Actin 1 at 0 (FIG. 23E), 1 
(FIG.23F), and 2 (FIG.23G, FIG. 23H) DPA and scanned on 
1 (FIG.23E, FIG.23F, FIG.23G), and 2 (FIG.23H) days after 
infected. Note the length of fibers is much shorter than that in 
psTRV1+psTRV2 at the same stages and the surface of tri 
chome is rough and wrinkled. FIGS. 231-23L: Ovules 
infected by psTRV1+psTRV2:GhaDF 1 at 0 (FIG. 23I), 1 
(FIG. 23J), and 2 (FIG. 23K, FIG. 23L) DPA and scanned on 
1 (FIG.23I, FIG. 23J, FIG. 23K), and 2 (FIG. 23L) days after 
infected. Note the length of fibers is same as psTRV1+ 
psTRV2 at the same stages. 
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8 
FIGS. 24A-24C show scanning electron micrographs of 

the ovule surface of VIGS-GhCTR 1,VIGS-GhDELLA 1 and 
psTRV1+psTRV2. FIG. 24A: Ovules infected by psTRV1+ 
psTRV2 at 1 DPA and scanned on 1 day after infected. FIG. 
24B: Ovules infected by psTRV1+psTRV2:GhCTR 1 at 1 
DPA and scanned on 1 day after infected. Note the length of 
fibers is shorter than sTRV1+sTRV2 at the same stages. FIG. 
24C: Ovules infected by psTRV1+psTRV2:GhDELLA 1 at 1 
DPA and scanned on 1 day after infected. Note the length of 
fibers is same as psTRV1+psTRV2 at the same stages. 

FIGS. 25A-25C show scanning electron micrographs of 
the ovule surface of VIGS-Ghalpha-tubulin 1, VIGS-Gh 
Beta-tubulin 1 and psTRV1+psTRV2. FIG. 25A. Ovules 
infected by psTRV1+psTRV2 at 1 DPA and scanned on 1 day 
after infected. FIG. 25B: Ovules infected by psTRV1+ 
psTRV2:Gh Alpha-tubulin 1 DPA and scanned on 1 day after 
infected. Note the surface of trichome is rough and wrinkled. 
FIG. 25C: Ovules infected by psTRV1+psTRV2:ADFGh 
Beta-tubulin 1 at 1 DPA and scanned on 1 day after infected. 
Note the surface of trichome is rough and wrinkled. 

FIGS. 26A-26D show scanning electron micrographs of 
the ovule surface of VIGS-GhMADS 9, VIGS-GhMBY5, 
VIGS-GhMBY6 and psTRV1+psTRV2. FIG. 26A: Ovules 
infected by psTRV1+psTRV2 at 1 DPA and scanned on 3 
days after infected. FIG. 26B: Ovules infected by psTRV1+ 
psTRV2:GhMADS 9 at 1 DPA and scanned on 3 days after 
infected. Note the length of fibers is longer than STRV1+ 
sTRV2 at the same stages. FIG. 26C: Ovules infected by 
psTRV1+psTRV2:ADFGhMYB5 at 1 DPA and scanned on 3 
dayS after infected. Note the length of fibers is same as 
psTRV1+psTRV2 at the same stages. FIG. 26D: Ovules 
infected by psTRV1+psTRV2:ADFGhMYB 6 at 1 DPA and 
scanned on 3 days after infected. Note the length of fibers is 
same as STRV1+sTRV2 at the same stages. 

FIGS. 27A and 27B show RT-PCR analysis of Ghactin 1 
gene expression in cotton fibers. FIG. 27A: Control using 
tubulin gene as the RNA standard. FIG. 27B: Ghactin1 gene 
expression in cotton fibers. The result of RT-PCR showed that 
VIGS of Actin 1 caused significant reduction in its mRNA 
expression. 

FIG. 28 shows real-time RT-PCR Analysis of VIGS-Actin 
1 in cotton fibers. Relative value of Ghactin 1 gene expres 
sion in 14 days after infected fibers is shown as a percentage 
of GhTubulin expression activity (see Materials and Methods 
Example 12). The result of real-time PCR shows that VIGS of 
Actin 1 caused significant reduction its mRNA. 

FIG.29 shows real-time RT-PCRAnalysis of VIGS-ADF 1 
in cotton fibers. Relative value of GhaDF1 gene expression 
in 14 days after infected fibers is shown as a percentage of 
GhTubulin expression activity (see Materials and Methods 
Example 12). The result of real-time PCR shows that VIGS of 
ADF 1 caused significant reduction its mRNA. 

FIG.30 shows real-time RT-PCRAnalysis of VIGS-CTR 1 
in cotton fibers. Relative value of GhCTR 1 gene expression 
in 14 days after infected fibers is shown as a percentage of 
GhTubulin expression activity (see Materials and Methods 
Example 12). The result of real-time PCR shows that VIGS of 
CTR 1 caused significant reduction its mRNA. 

FIG. 31 shows real-time. RT-PCR Analysis of VIGS 
DELLA 1 in cotton fibers. Relative value of GhDELLA 1 
gene expression in 14 days after infected fibers is shown as a 
percentage of GhTubulin expression activity (see Materials 
and Methods Example 12). The result of real-time PCR shows 
that VIGS of DELLA 1 caused significant reduction its 
mRNA. 

FIG. 32 shows real-time RT-PCR Analysis of VIGS-Gha 
lpha-tubulin 1 in cotton fibers. Relative value of Ghalpha 
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tubulin 1 gene expression in 14 days after infected fibers is 
shown as a percentage of GhUbiquitin expression activity 
(see Materials and Methods Example 12). The result of real 
time PCR shows that VIGS of Ghalphy-tubulin 1 caused 
significant reduction its mRNA. 

FIG. 33 shows real-time RT-PCR Analysis of VIGS-Gh 
Beta-tubulin 1 in cotton fibers. Relative value of GhBeta 
tubulin 1 gene expression in 14 days after infected fibers is 
shown as a percentage of GhUbiquitin expression activity 
(see Materials and Methods Example 12). The result of real 
time PCR shows that VIGS of GhBeta-tubulin 1 caused sig 
nificant reduction its mRNA. 

FIG. 34 shows real-time RT-PCR Analysis of VIGS-Gh 
MADS 9 in cotton fibers. Relative value of GhMADS 9 gene 
expression in 14 days after infected fibers is shown as a 
percentage of GhUbiquitin expression activity (see Materials 
and Methods Example 12). The result of real-time PCR shows 
that VIGS of GhMADS 9 caused significant reduction its 
mRNA. 

FIG. 35 shows real-time RT-PCR Analysis of VIGS-Gh 
MYB 5 in cotton fibers. Relative value of GhMYB 5 gene 
expression in 14 days after infected fibers is shown as a 
percentage of GhUbiquitin expression activity (see Materials 
and Methods Example 12). The result of real-time PCR shows 
that VIGS of GhMYB 5 caused significant reduction its 
mRNA. 

FIG. 36 shows real-time RT-PCR Analysis of VIGS-Gh 
MYB 6 in cotton fibers. Relative value of GhMYB 6 gene 
expression in 14 days after infected fibers is shown as a 
percentage of GhUbiquitin expression activity (see Materials 
and Methods Example 12). The result of real-time PCR shows 
that VIGS of GhMYB 6 caused significant reduction its 
mRNA. 
FIG.37 shows the map for psTRV2001. The sequence for 

sTRV2 extends from nucleotide 6785 through nucleotide 
9696 as set forth in SEQID NO:82. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to the field of functional 
analysis of cotton genes on a genomic scale. More specifi 
cally, the present invention relates to a method for high 
throughput functional analysis of cotton genes on a genomic 
scale using virus-induced gene silencing (VIGS). The present 
invention also relates to a transient expression vector for 
transiently expressing genes in cotton plants and to a method 
for transient expression of genes in cotton plants. 

Virus-induced gene silencing (VIGS) (Ruiz et al., 1998: 
Burch-Smith et al., 2004) system offers the possibility to 
determine the biological function of gene products without 
the need to genetically transform the plant. Both RNA and 
DNA viruses induce RNA silencing resulting in the produc 
tion of virus-related siRNAs (Baulcombe, 2004). Recombi 
nant viruses can be constructed carrying an inserted partial 
sequence of a candidate plant gene. Such recombinant viruses 
can move systemically in whole plants producing siRNA 
which can mediate degradation of the endogenous candidate 
gene transcripts (Brigneti et al., 2004; Burch-Smith et al., 
2004) resulting in silencing of the candidate gene expression 
in inoculated plants. 
VIGS approach offers several opportunities: 
(1) an efficient reverse genetics tool to gene/gene family 

knock-down; 
(2) a rapid and high-throughout (Nasir et al., 2005)— 

whole genome ORF knock-out in less than one month; 
(3) transient, reversible and so called “inducible knock 

out phenotype (Burch-Smith et al., 2004); and 
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(4) different organs Suitable for silencing, offer a chance to 

knock-out genes in roots (Valentine et al., 2004), flowers (Liu 
et al., 2004), leaves (Liu et al., 2002), or fruit (Fu et al., 2005), 
by different infection methods. 
The tobacco rattle virus (TRV) is a bipartite positive sense 

RNA virus. TRV RNA1 encodes 134 kDa and 194 kDa rep 
licase proteins from the genomic RNA, a 29-kDa movement 
protein and 16-kDa cysteine-rich protein from Subgenomic 
RNAs. TRV RNA2 encodes the coat protein from the 
genomic RNA and two non-structural proteins from the sub 
genomic RNAs. TRV RNA1 can replicate and move systemi 
cally without RNA2. In the TRV RNA2 cDNA construct, the 
non-structural genes were replaced with a multiple cloning 
site (MCS) useful for cloning the target gene sequences for 
VIGS (MacFarlane and Popovich, 2000). 
The TRV VIGS system has been successfully applied in 

some plants such as Arabidopsis (Burch-Smith et al., 2006), 
Capsicum annuum (Chung et al., 2004), Lycopersicon escu 
lentum (Liu et al., 2002), Petunia hybrida (Chen et al., 2005) 
and Solanum tuberosum (Brigneti et al., 2004). Most of these 
plants have been experimentally proven to be susceptible 
hosts of some strain of TRV (Plant Virus Online, http colon 
backslash backslash image dot fs dotuidaho dot edu back 
slash vide backslash descr808 dot htm). More importantly, 
this TRV VIGS system cannot reasonably be expected to 
inevitably work in all plants. For example, Dinesh Kumar et 
al. (2007) contains a list of plants for which it is stated that the 
TRV VIGS system may work. However, this TRV VIGS 
system cannot work in Arachis hypogaea and Glycine max, 
because they are not hosts to TRV despite their inclusion in 
the list in Dinesh Kumaretal. (2007). In fact, as demonstrated 
herein, the TRV VIGS system does not work in all plants 
listed as being susceptible to Tobacco Rattle Virus (TRV) in 
Dinesh Kumar et al. (2007) or in the online virus databases. 
Furthermore, systemic infection is required for the TRV 
VIGS system to be useful for functional gene analysis. Some 
plants may be susceptible to TRV locally but not systemically, 
and thus the TRV VIGS system will not work in those plants. 
Prior to the present invention, plants in Malvales including 
cotton plants (Gossypium spp.) were not known to be host to 
TRV or known to be susceptible in any degree to TRV either 
locally or systemically. The finding that cotton is Susceptible 
to TRV and that the TRV VIGS system can be used in cotton 
was discovered after screening many viral vectors and thus 
was unexpected. The unexpected nature of the present inven 
tion is further evidenced by the inability of the TRV VIGS 
system to work in all plants which are susceptible to TRV or 
are listed as host plants for TRV. 

In one aspect, the present invention provides an efficient 
and reproducible system and procedure for VIGS in cotton. In 
one embodiment, the present invention provides for the fur 
ther re-synthesis of the whole TRV viral genomes. In another 
embodiment, the present invention demonstrates that these 
vectors have similar efficiency as the original vectors. In a 
further embodiment, the present invention provides for the 
use of TRV VIGS system for cloning and functionally iden 
tifying cotton genes. In accordance with this aspect, the tran 
sient expression vector comprises a TRV RNA2 sequence and 
at least one copy of a strong Subgenomic promoter and 
optionally a nucleic acid comprising a first sequence of inter 
est. In one embodiment, the Subgenomic promoter is one that 
is recognized by the replicase of TRV. In another embodi 
ment, the Subgenomic promoter is a strong coat protein Sub 
genomic promoter. In a further embodiment, the Subgenomic 
promoter is derived from a Tobravirus other than TRV. In one 
embodiment, the Subgenomic promoter is a synthetic pea 
early browning virus (PEBV) subgenomic promoter. In 
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another embodiment, the Subgenomic promoter is a Pepper 
ringspot virus (PepRSV) coat protein Subgenomic promoter. 
The nucleic acid of interest for transient expression in cotton 
is inserted downstream of the Subgenomic promoter and is 
operably linked to this promoter. This vector can be used for 5 
the transient expression of a nucleic acid of interest in cotton 
plants. In an additional embodiment, the present invention 
provides a modified TRV RNA1 vector in which an intron has 
been inserted into the TRV RNA1 sequence. 

Thus in a first aspect, the present invention provides a 10 
method of virus-induced gene silencing (VIGS) in cotton. In 
accordance with the present invention, the method comprises: 

(a) inserting a nucleic acid comprising a first silencing 
sequence that is capable of silencing a first desired gene into 
a vector comprising a tobacco rattle virus (TRV) RNA2 15 
sequence to produce a modified TRV RNA2 vector; 

(b) preparing a mixed culture of Agrobacterium compris 
ing Agrobacterium containing a vector comprising a TRV 
RNA1 sequence and Agrobacterium containing the modified 
TRV RNA2 vector; 2O 

(c) introducing the mixed culture of Agrobacterium into 
plant tissue of cotton to produce infected plant tissue; and 

(d) growing the infected plant tissue for a sufficient time to 
induce gene silencing of the first desired gene. 

In one embodiment of this first aspect, the plant tissue is a 25 
cotton plant or a cotton seedling. In this embodiment, an 
infected plant is produced in step (c) and the infected plant is 
grown in step (d). In another embodiment of this first aspect, 
the plant tissue is a cotton ovule. In this embodiment, an 
infected cotton ovule is produced in step (c) and the infected 30 
cotton ovule is grown in culture in step (d). In an additional 
embodiment, the plant tissue is cotton fiber. In this embodi 
ment, infected cotton fiber is produced in step (c) and the 
infected cotton fiberis grown in culture in step (d). In a further 
embodiment, a cotton plant or seedling is infected and the 35 
virus spreads through the cotton tissue, such that VIGS occurs 
in all tissue of the infected cotton plant or seedling. 

In one embodiment, the vector comprising TRV RNA2 and 
the vector comprising TRV RNA1 are synthetic plant vectors. 
The results and the phenotypic data shown herein indicate 40 
that the synthetic TRV-VIGS systems can be used as effec 
tively as TRV-VIGS systems to induce silencing of desirable 
endogenous cotton genes. In another embodiment, the TRV 
RNA2 comprises a first silencing sequence that is capable of 
silecing a first desired gene. In one embodiment, the first 45 
silencing sequence is the sequence of a sense Strand of the 
desired gene. In an additional embodiment, the first silencing 
sequence is the sequence of an antisense Strand of the desired 
gene. In another embodiment, the first silencing sequence is a 
sequence encoding a short hairpin RNA (shRNA) that is 50 
capable of RNA interference (RNAi) of the first desired gene. 
In an additional embodiment, the first silencing is a sequence 
encoding a precursor micro-RNA (miRNA) or miRNA that is 
capable of RNAi of the first desired gene. In a further embodi 
ment, the nucleic acid further comprises a second silecing 55 
sequence capable of silecing a second desired gene. In a 
further embodiment, the nucleic acid comprises more than 
two silencing sequences capable of silencing more than two 
desired genes. 

In one embodiment, the desired gene is a candidate tran- 60 
Scription factor gene. In another embodiment, the desired 
gene is a candidate gene in chlorophyll or carotenoids bio 
synthesis. In a further embodiment, the desired gene is a 
candidate gene in flavonoid biosynthetic pathway. In another 
embodiment, the desired gene is a candidate gene in proan- 65 
thocyanidins and anthocyanidins biosynthetic pathway. In an 
additional embodiment, the desired gene is a candidate gene 
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in cotton fiber development. In a further embodiment, the 
desired gene is a candidate gene in cotton fiber initiantion, 
elongation, secondary wall deposition, maturation or seed 
development. In another embodiment, the desired gene is a 
candidate gene in SmRNA biosynthesis. In an additional 
embodiment, the desired gene is a candidate gene in photo 
hermone signal pathway. In another embodiment, the desired 
gene is a candidate gene invoved in abotic and biotic stress 
resistance. In an additional emobiment, the desired gene is a 
candidate gene in fatty acid biosynthesis, Such as Stearoyl 
acyl carrier protein desaturase (SAD) gene. In a further 
embodiment, the desired gene is a candidate gene in cotton 
fiber development such as a candidate gene correlating to cell 
elongation, cell wall biosynthesis and cellulose biosynthesis. 
In another emobiment, the desired gene is a candidate gene in 
cotton trichome related. In a further emobiment, the desired 
gene is a candidate gene in secondary metabolites biosynthe 
sis. The results shown herein demonstrate that the VIGS 
system of the present invention can efficiently suppress tar 
geted host genes and can be used as a rapid means to assay the 
role of candidate genes, as well as to study the role of regu 
latory genes, such a transcription factor genes or the role of 
genes involved in the small RNA biogenesis pathways. The 
VIGS assay described herein offers a means to test the func 
tion of cotton gene sequences in a homologous system. Using 
a normalized cDNA library it is possible to conduct large 
scale screens of gene function with the VIGS system of the 
present invention. 
The host plant can be Gossypium hirsutum (upland cotton, 

tetraploid), but as demonstrated herein, the invention is not 
limited to this species. Thus, the host plant can also be Gos 
sypium barbadense (tetraploid), Gossypium arboreium (dip 
loid), and Gossypium herbaceum (diploid) and other natural 
Gossypium species and all commercial cotton varieties and 
germplasms including germplasms derived from intra-spe 
cies and inter-species crossings. 

In a second aspect, the present invention provides a method 
of analyzing gene function in cotton. In accordance with the 
present invention, the method comprises: 

(a) inserting a nucleic acid comprising a silencing 
sequence of a candidate gene to be silenced into a vector 
comprising a tobacco rattle virus (TRV) RNA2 sequence to 
produce a modified TRV RNA2 vector; 

(b) preparing a mixed culture of Agrobacterium compris 
ing Agrobacterium containing a vector comprising a TRV 
RNA1 sequence and Agrobacterium containing the modified 
TRV RNA2 vector; 

(c) introducing the mixed culture of Agrobacterium into 
plant tissue of cotton to produce infected plant tissue; 

(d) growing the infected plant tissue for a Sufficient time to 
induce gene silencing of the candidate gene; and 

analyzing the phenotypic effect of the silenced candidate 
gene on the infected plant tissue. 

In one embodiment of this second aspect, the plant tissue is 
a cotton plant or a cotton seedling. In this embodiment, an 
infected plant is produced in step (c) and the infected plant is 
grown in step (d). In another embodiment of this first aspect, 
the plant tissue is a cotton ovule. In this embodiment, an 
infected cotton ovule is produced in step (c) and the infected 
cotton ovule is grown in culture in step (d). In an additional 
embodiment, the plant tissue is cotton fiber. In this embodi 
ment, infected cotton fiber is produced in step (c) and the 
infected cotton fiberis grown in culture in step (d). In a further 
embodiment, a cotton plant or seedling is infected and the 
virus spreads through the cotton tissue, such that VIGS occurs 
in all tissue of the infected cotton plant or seedling. 
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In one embodiment, the vector comprising TRV RNA2 and 
the vector comprising TRV RNA1 are synthetic plant vectors. 
The results and the phenotypic data shown herein indicate 
that the synthetic TRV-VIGS systems can be used as effec 
tively as TRV-VIGS systems to induce silencing of desirable 
endogenous cotton genes. In another embodiment, the TRV 
RNA2 comprises a first silencing sequence that is capable of 
silecing a first desired gene. In one embodiment, the first 
silencing sequence is the sequence of a sense Strand of the 
desired gene. In an additional embodiment, the first silencing 
sequence is the sequence of an antisense Strand of the desired 
gene. In another embodiment, the first silencing sequence is a 
sequence encoding a short hairpin RNA (shRNA) that is 
capable of RNA interference (RNAi) of the first desired gene. 
In an additional embodiment, the first silencing is a sequence 
encoding a precursor micro-RNA (miRNA) or miRNA that is 
capable of RNAi of the first desired gene. In a further embodi 
ment, the nucleic acid further comprises a second silecing 
sequence capable of silecing a second desired gene. In a 
further embodiment, the nucleic acid comprises more than 
two silencing sequences capable of silencing more than two 
desired genes. 

In one embodiment, the desired gene is a candidate tran 
Scription factor gene. In another embodiment, the desired 
gene is a candidate gene in SmRNA biosynthesis. In another 
embodiment, the desired gene is a candidate gene in a candi 
date gene in proanthocyanidins and anthocyanidins biosyn 
thetic pathway. In an additional embodiment, the desired 
gene is a candidate gene in cotton fiber development. In a 
further embodiment, the desired gene is a candidate gene in 
cotton fiber initiantion, elongation, secondary wall deposi 
tion, maturation or seed development. In an additional 
embodiment, the desired gene is as described above. The 
results shown herein demonstrate that the VIGS system of the 
present invention can efficiently Suppress targeted host genes 
and can be used as a rapid means to assay the role of candidate 
genes, as well as to study the role of regulatory genes, such a 
transcription factor genes or the role of genes involved in the 
small RNA biogenesis pathways. The VIGS assay described 
herein offers a means to test the function of cotton gene 
sequences in a homologous system. Using a normalized 
cDNA library it is possible to conduct large scale screens of 
gene function with the VIGS system of the present invention. 
The host plant can be Gossypium hirsutum (upland cotton, 

tetraploid), but as demonstrated herein, the invention is not 
limited to this species. Thus, the host plant can also be Gos 
sypium barbadense (tetraploid), Gossypium arboreium (dip 
loid), and Gossypium herbaceum (diploid) and other natural 
Gossypium species and all commercial cotton varieties and 
germplasms including germplasms derived from intra-spe 
cies and inter-species crossings. 
Once the function of a cotton gene or cotton genes has been 

characterized, transgenic plants can be prepared using con 
ventional techniques to alter expression patterns of the gene 
or genes. Alternatively, plants transiently expressing a gene or 
genes can be prepared as described herein. 
The DNA that is inserted (the DNA of interest) into plants 

of the genera Gossypium is not critical to the transformation 
process. Generally the DNA that is introduced into a plant is 
part of a construct. The DNA may be a gene of interest, e.g., 
a coding sequence for a protein, or it may be a sequence that 
is capable of regulating expression of a gene. Such as an 
antisense sequence, a sense Suppression sequence, a shRNA, 
a precursor miRNA or a miRNA sequence. The construct 
typically includes regulatory regions operatively linked to the 
5' side of the DNA of interest and/or to the 3' side of the DNA 
of interest. A cassette containing all of these elements is also 
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referred to herein as an expression cassette. The expression 
cassettes may additionally contain 5' leader sequences in the 
expression cassette construct. The regulatory regions (i.e., 
promoters, transcriptional regulatory regions, and transla 
tional termination regions) and/or the polynucleotide encod 
ing a signal anchor may be native/analogous to the host cellor 
to each other. Alternatively, the regulatory regions and/or the 
polynucleotide encoding a signal anchor may be heterolo 
gous to the host cell or to each other. See, U.S. Pat. No. 
7.205.453 and U.S. Patent Application Publication Nos. 
2006/0218670 and 2006/0248616. The expression cassette 
may additionally contain selectable marker genes. See, U.S. 
Pat. No. 7,205.453 and U.S. Patent Application Publication 
Nos. 2006/0218670 and 2006/0248616. 

Generally, the expression cassette will comprise a select 
able marker gene for the selection of transformed cells. 
Selectable marker genes are utilized for the selection of trans 
formed cells or tissues. Usually, the plant selectable marker 
gene will encode antibiotic resistance, with Suitable genes 
including at least one set of genes coding for resistance to the 
antibiotic spectinomycin, the streptomycin phosphotrans 
ferase (spt) gene coding for Streptomycin resistance, the neo 
mycin phosphotransferase (mptII) gene encoding kanamycin 
or geneticin resistance, the hygromycin phosphotransferase 
(hptoraphiv) gene encoding resistance to hygromycin, aceto 
lactate synthase (als) genes. Alternatively, the plant selectable 
marker gene will encode herbicide resistance Such as resis 
tance to the Sulfonylurea-type herbicides, glufosinate, gly 
phosate, ammonium, bromoxynil, imidazolinones, and 2,4- 
dichlorophenoxyacetate (2,4-D), including genes coding for 
resistance to herbicides which act to inhibit the action of 
glutamine synthase such as phosphinothricin or basta (e.g., 
the bar gene). See generally, WO 02/3.6782, U.S. Pat. No. 
7.205.453 and U.S. Patent Application Publication Nos. 
2006/0248616 and 2007/0143880, and those references cited 
therein. This list of selectable marker genes is not meant to be 
limiting. Any selectable marker gene can be used. 
A number of promoters can be used in the practice of the 

invention. The promoters can be selected based on the desired 
outcome. That is, the nucleic acids can be combined with 
constitutive, tissue-preferred, or other promoters for expres 
sion in the host cell of interest. Such constitutive promoters 
include, for example, the core promoter of the Rsyn7 (WO 
99/48338 and U.S. Pat. No. 6,072,050); the core CaMV 
promoter (Odell et al., 1985); rice actin (McElroy et al., 
1990); ubiquitin (Christensen and Quail, 1989 and Chris 
tensen et al., 1992); pEMU (Last et al., 1991); MAS (Veltenet 
al., 1984); ALS promoter (U.S. Pat. No. 5,659,026), and the 
like. Other constitutive promoters include, for example, those 
disclosed in U.S. Pat. Nos. 5,608,149; 5,608,144, 5,604,121: 
5,569,597; 5,466,785; 5,399,680: 5,268,463; and 5,608,142. 

Other promoters include inducible promoters, particularly 
from a pathogen-inducible promoter. Such promoters include 
those from pathogenesis-related proteins (PR proteins), 
which are induced following infection by a pathogen; e.g., PR 
proteins, SAR proteins, beta-1,3-glucanase, chitinase, etc. 
Other promoters include those that are expressed locally at or 
near the site of pathogen infection. In further embodiments, 
the promoter may be a wound-inducible promoter. In other 
embodiments, chemical-regulated promoters can be used to 
modulate the expression of a gene in a plant through the 
application of an exogenous chemical regulator. The pro 
moter may be a chemical-inducible promoter, where applica 
tion of the chemical induces gene expression, or a chemical 
repressible promoter, where application of the chemical 
represses gene expression. In addition, tissue-preferred pro 
moters can be utilized to target enhanced expression of a 
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polynucleotide of interest within a particular plant tissue. 
Each of these promoters are described in U.S. Pat. Nos. 6,506, 
962, 6,575,814, 6,972,349 and 7,301,069 and in U.S. Patent 
Application Publication Nos. 2007/0061917 and 2007/ 
O143880. 
Where appropriate, the DNA of interest may be optimized 

for increased expression in the transformed plant. That is, the 
coding sequences can be synthesized using plant-preferred 
codons for improved expression. Methods are available in the 
art for synthesizing plant-preferred genes. See, for example, 
U.S. Pat. Nos. 5,380,831, 5,436,391, and 7,205,453 and U.S. 
Patent Application Publication Nos. 2006/0218670 and 2006/ 
O248.616. 
The use of dsRNA for gene silencing as well as the design 

of siRNA or shRNA molecules for use in gene silencing in 
plants is well known in the art. See, for example, U.S. Patent 
Application Publication Nos. 2004/0192626, 2004/0203145, 
2005/0026278, 2005/0186586, 2005/0244858, 2006/ 
0212950, 2007/0259827, 2007/0265220, 2007/0269815, 
20080269474 and 2008/0318896. The use of miRNA for 
gene silencing as well as the design of precursor miRNA or 
miRNA molecules for use in gene silencing in plants is well 
known in the art. See, for example, U.S. Patent Application 
Publication Nos. 2006/0130176, 2006/0218673, 2007/ 
0083,947, 2007/0130653, 2007/0154896 and 2008/0313773. 

In certain embodiments, the invention also provides plant 
products obtained from transgenic plants of the invention. 
The term “plant product' is intended to include anything that 
may be obtained from a particular plant, including, for 
example, fruits, seeds, pollen, ovules, plant embryos, oils, 
juices, waxes, proteins, lipids, fatty acids, vitamins, plant 
tissues in whole or in part, (e.g. roots, leaves, stems, flowers, 
boll, fruit, bark), cells, cell Suspensions, tubers and stolons. 

In a further aspect, the present invention provides a tran 
sient expression vector and method for transiently expressing 
genes in cotton plants. In accordance with this aspect, the 
transient expression vector comprises a TRV RNA2 sequence 
and at least one copy of a strong Subgenomic promoter and 
optionally a nucleic acid comprising a first sequence of inter 
est. In one embodiment, the Subgenomic promoter is one that 
is recognized by the replicase of TRV. In another embodi 
ment, the Subgenomic promoter is a strong coat protein Sub 
genomic promoter. In a further embodiment, the Subgenomic 
promoter is derived from a Tobravirus other than TRV. In one 
embodiment, the Subgenomic promoter is a synthetic pea 
early browning virus (PEBV) subgenomic promoter. In 
another embodiment, the Subgenomic promoter is a Pepper 
ringspot virus (PepRSV) coat protein Subgenomic promoter. 
The nucleic acid of interest for transient expression in cotton 
is inserted downstream of the Subgenomic promoter and is 
operably linked to this promoter. In another embodiment, the 
nucleic acid comprises two or more sequences of interest each 
to be expressed in a cotton plant. In a further embodiment, the 
vector comprises two or more nucleic acids each comprising 
a sequence of interest to be expressed in a cotton plant and 
each operably linked to a separate copy of the Subgenomic 
promoter. 
The sequence of interest to be transiently expressed in 

plants of the genera Gossypium is not critical to the transient 
expression method of the present invention. The sequence of 
interest may be a gene of interest, e.g., a coding sequence for 
a protein, or it may be a sequence that is capable of regulating 
expression of a gene, such as an antisense sequence, a sense 
Suppression sequence or a micro-RNA (miRNA) sequence. 
The sequence of interest typically includes regulatory regions 
operatively linked to the 5' side of the sequence of interest 
and/or to the 3' side of the sequence of interest in addition to 
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the Subgenomic promoter. The sequence of interest may addi 
tionally contain operably linked 5' leader sequences in the 
transient expression vector. The regulatory regions (i.e., tran 
Scriptional regulatory regions, and translational termination 
regions) and/or the polynucleotide encoding a signal anchor 
may be native/analogous to the host cell or to each other. 
Alternatively, the regulatory regions and/or the polynucle 
otide encoding a signal anchor may be heterologous to the 
host cell or to each other. See, U.S. Pat. No. 7,205,453 and 
U.S. Patent Application Publication Nos. 2006/0218670 and 
2006/0248616. 
Where appropriate, the sequence of interest may be opti 

mized for increased transient expression in the plant. That is, 
the coding sequences can be synthesized using plant-pre 
ferred codons for improved expression. Methods are avail 
able in the art for synthesizing plant-preferred genes. See, for 
example, U.S. Pat. Nos. 5,380,831, 5,436,391, and 7.205,453 
and U.S. Patent Application Publication Nos. 2006/0218670 
and 2006/0248616. 

In one embodiment, the sequence of interestis (a) a coding 
sequence of a gene to be expressed in cotton, such as a 
Bacillus thuringiensis insecticidal toxin protein (BT) and a 
Flower locus T (FT) gene to shorten flowing time or (b) a 
sequence of a gene to down regulate. Such as a candidate 
transcription factor gene, a candidate gene in SmRNA bio 
synthesis, a candidate gene in photohermone signal pathway, 
a candidate gene invoved inabotic and biotic stress resistance, 
a candidate gene in fatty acid biosynthesis a candidate gene in 
cotton fiber development a candidate gene in cotton trichome 
related and a candidate gene in secondary metabolite biosyn 
thesis. 

In accordance with this aspect, the method for transiently 
expressing a nucleic acid of interest in cotton tissue com 
prises: 

(a) inserting a nucleic acid comprising a first sequence of 
interest to be expressed in a cotton plant into a transient 
expression vector comprising a tobacco rattle virus (TRV) 
RNA2 sequence and at least one copy of a subgenomic pro 
moter to produce a TRV RNA2 expression vector, wherein the 
nucleic acid is operably linked to the Subgenomic promoter, 

(b) preparing a mixed culture of Agrobacterium compris 
ing Agrobacterium containing a vector comprising a TRV 
RNA1 sequence and Agrobacterium containing the TRV 
RNA2 expression vector; 

(c) introducing the mixed culture of Agrobacterium into 
plant tissue of cotton; and 

(d) growing the infected plant tissue for a Sufficient time to 
transiently express the desired gene. 

In one embodiment of this aspect, the plant tissue is cotton 
seedlings. In another embodiment of this aspect, the plant 
tissue is cotton ovules. In an additional embodiment of this 
aspect, the plant tissue is cotton plants. In a further embodi 
ment of this aspect, the plant tissue is cotton fiber. In a still 
further embodiment, a cotton plant or seedling is infected and 
the virus spreads through the cotton tissue, such that VIGS 
occurs in all tissue of the infected cotton plant or seedling. 

In one embodiment, the vector comprising TRV RNA2 and 
the vector comprising TRV RNA1 are synthetic plant vectors. 
In another embodiment, the first sequence of interest is the 
sequence of a sense Strand of a gene. In an additional embodi 
ment, the first sequence of interest is the sequence of an 
antisense Strand of a gene. In a further embodiment, the first 
sequence encodes a precursor miRNA or a miRNA. As shown 
herein, the transient expression vector of the present inven 
tion can be used to rapidly transiently express nucleic acids of 
interest in cotton plants. In another embodiment, the nucleic 
acid further comprises a second sequence of interest to be 
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expressed in cotton plants. In an additional embodiment, the 
nucleic acid comprises more than two sequences of interest to 
be expressed in cotton plants. In another embodiment, two or 
more nucleic acids are inserted into the transient expression 
vector. In this embodiment each nucleic acid comprises a 
sequence of interest and each is operably linked to a separate 
copy of the Subgenomic promoter. The sequences of interest 
in the two or more nucleic acids may be the same or different. 
The sequences of interest include those described above. 
The host plant can be Gossypium hirsutum (upland cotton, 

tetraploid), but as demonstrated herein, the invention is not 
limited to this species. Thus, the host plant can also be Gos 
sypium barbadense (tetraploid), Gossypium arboreium (dip 
loid), and Gossypium herbaceum (diploid) and other natural 
Gossypium species and all commercial cotton varieties and 
germplasms including germplasms derived from intra-spe 
cies and inter-species crossings. 

In certain embodiments, the invention also provides plant 
products obtained from transiently expressing plants of the 
invention. The term “plant product' is intended to include 
anything that may be obtained from a particular plant, includ 
ing, for example, fruits, seeds, pollen, ovules, plant embryos, 
oils, juices, waxes, proteins, lipids, fatty acids, Vitamins, plant 
tissues in whole or in part, (e.g. roots, leaves, stems, flowers, 
boll, fruit, bark), cells, cell Suspensions, tubers and stolons. 

In another aspect, the present invention provides a modi 
fied TRV RNA1 vector with improved initiation of transcrip 
tion. There are many reasons that cause RNA viral vectors to 
have difficulties in initiation of transcription. First is the non 
optimized genome sequence that might be improperly recog 
nized by the RNA processing machinery such as cryptic 
splice sites and thymine-rich, putative intron sequences 
embedded in RNA genomes. Second, TRV RNA1 viral vector 
encode very large transcripts about 7.0 kilonucleotides, a size 
is about 3-4 fold of average plant genes size (1-2 Kb). In 
nature, plant genes often contain huge numbers of introns that 
facilitate processing and export of the pre-mRNA from the 
nucleus. In the agroinfiltration-based VIGS and transient 
expression systems, pre-mRNA transcripts made in plant 
nucleus from viral constructs may not be efficiently recog 
nized or proper processing without intron sequences. 

In accordance with this aspect, the modified TRV RNA1 
vector comprises a TRV RNA1 sequence into which at least 
one intron has been inserted. Additional introns can be 
inserted to make the viral transcripteasier to be recognized by 
the host nuclear pre-mRNA processing and export machin 
ery, therefore to increase the percentage of plant cells in 
which viral replication could occur, but also the efficiency by 
which an infection could be initiated. Theoretically, any plant 
intron can be used. In one embodiment the intron ranges is in 
size from about 100 nucleotides to about 400 nucleotides. In 
another embodiment the intron is derived from Arabidopsis 
thaliana. Intron insertion site can be the consensus AG/GT 
sequences in the TRV1 genome or a sequence that has been 
mutated with silent nucleotide substitutions to match the con 
sensus sequence. This modified TRV RNA1 vector can be 
used in place of the vector containing TRV RNA1 in any of 
the above methods. 

The host plant can be Gossypium hirsutum (upland cotton, 
tetraploid), but as demonstrated herein, the invention is not 
limited to this species. Thus, the host plant can also be Gos 
sypium barbadense (tetraploid), Gossypium arboreium (dip 
loid), and Gossypium herbaceum (diploid) and other natural 
Gossypium species and all commercial cotton varieties and 
germplasms including germplasms derived from intra-spe 
cies and inter-species crossings. 
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The practice of the present invention employs, unless oth 

erwise indicated, conventional techniques of chemistry, 
molecular biology, microbiology, recombinant DNA, genet 
ics, immunology, cell biology, cell culture and transgenic 
biology, which are within the skill of the art. See, e.g., Mania 
tis et al., 1982, Molecular Cloning (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y.); Sambrook et 
al., 1989, Molecular Cloning, 2nd Ed. (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y.); Sambrook and 
Russell, 2001, Molecular Cloning, 3rd Ed. (Cold Spring Har 
bor Laboratory Press, Cold Spring Harbor, N.Y.); Ausubel et 
al., 1992), Current Protocols in Molecular Biology (John 
Wiley & Sons, including periodic updates); Glover, 1985, 
DNA Cloning (IRL Press, Oxford): Russell, 1984, Molecular 
biology of plants: a laboratory course manual (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y.); Anand, 
Techniques for the Analysis of Complex Genomes, (Academic 
Press, New York, 1992); Guthrie and Fink, Guide to Yeast 
Genetics and Molecular Biology (Academic Press, New 
York, 1991); Harlow and Lane, 1988, Antibodies, (Cold 
Spring. Harbor Laboratory Press, Cold Spring Harbor, N.Y.); 
Nucleic Acid Hybridization (B. D. Hames & S.J. Higgins eds. 
1984); Transcription And Translation (B. D. Hames & S. J. 
Higgins eds. 1984); Culture Of Animal Cells (R.I. Freshney, 
Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes 
(IRL Press, 1986); B. Perbal, A Practical Guide To Molecular 
Cloning (1984); the treatise, Methods In Enzymology (Aca 
demic Press, Inc., N.Y.); Methods. In Enzymology, Vols. 154 
and 155 (Wu et al. eds.), Immunochemical Methods. In Cell 
And Molecular Biology (Mayer and Walker, eds., Academic 
Press, London, 1987); Handbook Of Experimental Immunol 
ogy, Volumes I-IV (D. M. Weir and C. C. Blackwell, eds., 
1986); Riott, Essential Immunology, 6th Edition, Blackwell 
Scientific Publications, Oxford, 1988: Fire et al., RNA Inter 
ference Technology. From Basic Science to Drug Develop 
ment, Cambridge University Press, Cambridge, 2005; Schep 
ers, RNA Interference in Practice, Wiley-VCH, 2005; 
Engelke, RNA Interference (RNAi): The Nuts & Bolts of 
siRNA Technology, DNA Press, 2003: Gott, RNA Interfer 
ence, Editing, and Modification: Methods and Protocols 
(Methods in Molecular Biology), Human Press, Totowa, N.J., 
2004; Sohail, Gene Silencing by RNA Interference. Technol 
ogy and Application, CRC, 2004. 

EXAMPLES 

The present invention is described by reference to the fol 
lowing Examples, which is offered by way of illustration and 
is not intended to limit the invention in any manner. Standard 
techniques well known in the art or the techniques specifically 
described below were utilized. 

Example 1 

Experimental Procedures for Examples 2-6 

Cotton seedlings: Cotton seeds were propagated and ger 
minated in a greenhouse. Four to 14 day old seedlings carry 
ing 2-3 true leaves were used for VIGS assays. Younger 
seedlings with only cotyledons can also be used for VIGS 
assayS. 

Synthetic TRV RNA1 expression vector: Synthetic TRV1 
vector full length (7756 bp) sequence including: SphI site, 
T-DNA right border sequence (152 bp), the duplicated cauli 
flower mosaic virus (CaMV) 35S enhancer region (752 bp) 
(Shi et al., 1997) the TRV Ppk20 strain RNA1 (6791 bp), 
Subterranean Clover Mottle Virus satellite RNA ribozyme 
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sequence (46 bp) and SmaI site sequence. This full length 
sequence was divided into two parts by an endogenous SalI 
site. The two parts were separately synthesized and cloned 
into pGH vector to give two vectors pGH-YeJ-V1-1 and pGH 
Ye-V1-2. The synthetic TRV RNA1 fragments, V1-1, 
released from pCH-YeJ-V1-1 by treatment with SphI and 
SalI enzymes, and V1-2, released from pCH-YeJ-V1-2 by 
treatment with SalI and SmaI enzymes, were linked with the 
pBI121 (GenBank accession number: AF485783) vector 
treated with SphI and EcoCRI enzymes. The new synthetic 
TRV RNA1 vector was named psTRV 1001 (also referred to 
as psTRV1 herein). The sequence of the synthetic 
psTRV 1001 is set forth in SEQID NO:1. The synthetic TRV 
RNA1 sequence is the same as the published TRV RNA1 
Sequence. 

Synthetic TRV RNA2 expression vector: Synthetic TRV2 
vector full length (2915bp) sequence including: HindIII site, 
the duplicated cauliflower mosaic virus (CaMV) 35S 
enhancer region (752 bp) (Shi et al., 1997) the TRV strain 
ppk20 RNA25'-sequence (1639 bp), multiple cloning site (61 
bp), the TRV strain ppk20 RNA2 3'-sequence (396 bp). HpaI 
site. The full length sequence was synthesized and cloned into 
pGH vector give pGH-Yej-V2. The synthetic TRV RNA2 
fragment V2 was linked into the pCAMBIAO390 (GenBank 
accession number: AF234291) by HindIII and HpaI sites. The 
new synthetic TRV RNA2 vector was named psTRV2001 
(also referred to as psTRV2 herein). The sequence of the 
synthetic STRV2 is set forth in SEQID NO:2. The synthetic 
TRV RNA2 sequence is the same as the published TRV 
RNA2 sequence. The sequence of the synthetic psTRV2001 
is set forth in SEQID NO:82. 
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Fluorescent Protein (GFP) expression vector pK20GFPc was 
PCR amplified with primers GFP-F (5'-TTATAGGTAC 
CATGGCTAGCAAAGGAGAAGAAC-3' (SEQID NO:25)) 
and GFP-R (5'-CCTAAGAGCTCTTAATCCATGCCATGT 
GTAATCCC-3' (SEQ ID NO:26) and the GFP gene was 
inserted into the NcoI and BamHI sites in psTRV2100. This 
vector was named psTRV2:GFP. 

Modified sTRV1 vector: A PCR based strategy was 
used to introduce a plant intron from A. thaliana actin1 
(intron 2, GenBank Accession NO U27981, position 1957 
2111 bp) into TRV RNA1 Three frag 
ments were amplified based on three primer pairs: F1P5 and 
F1P3 for F1, F2P5 and F2P3 for F2, F3P5 and F3P3 
for F3. The sequences of these primer pairs are set forth in 

genome. 

Table 1. The locations of the primers with respect to this 
intron are shown in FIG. 2. Overlapping PCR was used 
to get a longer DNA fragment with F1P5 and F3P3 
in the second round PCR amplification. The PCR product 
was further digested with EcoRI and Xbaland inserted into 
the psTRV 1001 vector. The intron-containing psTRV1 was 
named psTRV 1001-intron (also referred to as psTRV1 
intron herein). The sequence of the inserted intron is gtaag 
tacattticcataacgttccatcgtcattgattcttcattagtatgcgtttatgaagcttitt 
teaatttaattctictttggtagatctt aagatticctctgttctgcaaaataaa 
gggttcaattatgctaatatttitttatatcaattittgacag (SEQID NO:27). 

TABLE 1. 

Gene Primers for Synthesis of Intron 

SEQ ID Location in 
Primer Sequence (5'-> 3') NO: psTRV1oo1 

F1PS cc tdaattcaat atcgtgtttaaagacg 4. 10764 - 107.91 

F1P3 at aattictagagggggactgtttctggtgg catg 5 

F2P5 cgttittgggtaactagagg taagtacattt coataacgttcc 6 

F2P3 aatgaatccttittct cacctgtcaaaattgatataaaaaata 7 

F3PS ttatat caattittgacaggtgagaaaaggatt catt cotgttg 8 

F3P3 cc tacatgtaca accctgatatgtatt 9 11115-11141 

Synthetic TRV transient expression vector: For construc 
tion of the transient expression vector psTRV2100, a syn 
thetic pea early browning virus (PEBV) subgenomic pro 
moter (237 bp, SEQ ID NO:3) polynucleotide including an 
EcoRI site at its 5' endanda NcoI site at its 3' end was inserted 
into the multiple cloning site in the psTRV2001 vector. Green 

50 

Gene cloning and VIGS vector cloning: Candidate genes 
were amplified by PCR from cDNA products of Gossypium 
hirsutum leaf samples, and cloned into the Xbal and BamHI 
sites of the synthetic vector psTRV2001. The primers used in 
cloning the genes are set forth in Table 2, which also includes 
reference to the sequence of the cloned gene. 

TABLE 2 

Gene Primers and Gene Sequences 

Gene Primers: 

CAD F : 

AS1 

SEQ 
Sequence (5'-> 3') ID NO : Cloned Gene 

ATTATCTAGAAATTGAAAGAAGAAGTGAGG 10 604 bp, 
R: TATTGGATCCCAGGAAGTTCATCTATGCAT 11 GenBank: 

AY8 OO1 O6 

: ATAATTCTAGAGGGGGACTGTTTCTGGTGGCATG 12 418 bp 
R. CCGTAAGGGATCCCTTCTTGATACC 13 
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Gene Primers and Gene Sequences 

SEQ 
Gene Primers: Sequence (5'-> 3') ID NO : 

AGO1 F : ATAATTCTAGAGGGGGACTGTTTCTGGTGGCATG 14 
R; TACCTGGATCCCCACTTATCATTGATCCACTGTCTG 15 

CH42 F : AAATATCTAGAGGTGCTACTGAAGATAGGGTCTGTGG 54 
R: GACTCCAAAGGATCCTTGCGAAGACG 55 

PDS F : TTATTTCTAGAGCACGAGCTTCCTTTGTATCTGCC 56 
R. TCCTAGGATCCAATATTGGTGTATGACCTGCATCCGC st 

ANS F: AATAATCTAGAAGAGAAGTATGCCAACGACCA. 58 
R: GCTATGGATCCGGAGGGAACAGTGGAGGTTCGG 59 

ANR F : AATAATCTAGACTTGTAACACTACAAGAGTTGGG 60 
R: GAGCTGGATCCGGGCTCGGCATACGTCTTCCAC 61 

AN F: AATAATCTAGACACTCATCAACCATATCCAGTACC 62 
R: GTCCTGGATCCACAATTCCCAACACTAGTCCTCGG 63 

KTN F : ATGGCGGATCCTGTTGGAAATTCGCTAGCTGG 64 
R: GTCCTGGATCCATACTCAGGCATCCATAGAGGAAG 65 

Agrobacterium infiltration: Synthetic psTRV vectors and 
their derivatives were introduced into Agrobacterium strain 
AGL1 by electroporation. A3 ml culture was grown for 24hr 
at 28°C. in 50 mg/L. kanamycin and 25 mg/L rifampicin. On 
the following day, the culture was inoculated into LB medium 
containing 50 mg/L. kanamycin, 10 mM 2-(N-morpholino) 
ethanesulfonic acid (MES) and 20 uM acetosyringone and 
grown overnight in a 28°C. shaker. Agrobacterial cells were 
collected by centrifugation and resuspended in MMA solu 
tion (10 mMMES, 10 mM MgCl2, 200 uMacetosyringone) 
to a final ODoo of 1.5. The agrobacterial suspension was left 
at room temperature for 3-4 hr without shaking. Before infil 
tration, Agrobacterium culture containing the pTRV1/ 
psTRV1 or pTRV2/psTRV2 vectors was mixed in a 1:1 ratio. 
Cotton plants were infiltrated with cultures either by syringe 
infiltration or by vacuum infiltration. For syringe infiltration, 
agrobacterial-inocula were delivered into the underside of 
two or three youngest fully-expanded leaf using a 1 ml 
needleless Syringe. For vacuum infiltration, whole plants 
were submerged into agrobacterial-inocula and Subjected to 
80-90 kPa vacuum for 5 min, and then quickly releasing the 
vacuum, letting the inoculum rapidly enter plant tissues. All 
data described below were obtained by vacuum infiltration. 
However, Syringe infiltration can also be used, but it is more 
time costly than vacuum infiltration. The silencing effect 
obtained with vacuum infiltration is better than that obtained 
with Syringe infiltration. After infiltration, excess agrobacte 
rial cell Suspension was used to drench the root system of 
infiltrated plants. Infiltrated plants were grown in a growth 
chamber at 25°C. with 16 hr light/8 hr dark photoperiod 
cycle. The same method was also used in experiments testing 
VIGS in putative host plants. 

Determination of Gossypol and related terpenoids by high 
performance liquid chromatography: Levels of gossypol and 
related terpenoids in cottonseed and other tissues were deter 
mined by using HPLC-based methods, as described. 100 mg 
fresh cotton leaf samples were homogenized in liquid nitro 
gen with mortar and pestle and 1 ml of Solvent 1 (acetonitrile: 
waterphosphoric acetic acid=80:20:0.1 (V/V/V), pH=2.8- 
2.9) was added to samples. Plant tissue was further broken 
with MIXER MILL MM300 (Qiagen, Germany). The sus 
pension was centrifuged at 3000 g for 10 min. A 50 ul fraction 
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of the extract was analyzed on an Agilent 1200 HPLC system 
equipped with autoinjector. Samples were isocratically eluted 
from a Synergi 4 um Fusion-RP 80A (Phenomenx) column 
maintained at 40°C. The mobile phase was ethanol:metha 
noliisopropyl alcohol:acetonitrile:Water:ethyl acetate:dim 
ethyl-formamide:phosphoric acid=16.7:4.6:12.1:20.2:37.4: 
3.8:5.1:0.1 (Stipanovic et al., 1988). Solvent flow rate was 1.0 
mL min' and total run time was 45 min. The signal was 
monitored at 272 nm. Data collection and analysis were per 
formed on Agilent Chemistation software. tert-butylan 
thraquinone was used as an internal standard. 
GFP imaging and quantitative fluorescence analysis. To 

visually detect GFP fluorescence on leaf patches and whole 
plants, a hand-held 100 W, long-wave UV lamp (UV Prod 
ucts, Upland, Calif.) was used, and fluorescence images were 
taken using a Nikon Coolpix 995 digital camera (Tokyo, 
Japan) mounted with UV and Kenko yellow lens (Tokyo, 
Japan). 

Antibodies and protein gel blot analysis: Total plant pro 
teins were separated by 12% sodium dodecyl sulfate-poly 
acrylamide gel electrophoresis. Mouse monoclonal IgG 
against GFP protein was used for primary antibody. ECL 
peroxidase conjugated donkey anti-rabbit immunoglobulin G 
was used as a secondary antibody. Immunoreactive bands 
were visualized using ECL Western blotting Detection 
Reagents (GE healthcare). Coomassie blue-stained rbcL 
band was used as a loading control. 

Scanning Electron Microscope (SEM). Fresh leaves were 
fixed with a tape inside a sample chamber, following freezing 
in liquid N2. Images were collected using a SEM (JSM 
6360LV, JEOL, USA). 
RNA extraction and analysis. 100 mg leaf tissues was 

ground in liquid N2 and extracted with plant RNA purifica 
tion reagent (Invitrogen). RNA concentration was measured 
by Nanodrop (Thermo, USA). M-MLV reverse transcriptase 
(Promega, USA) was used for reverse transcription reactions. 
Real-time PCR was performed with Power SYBR(R) Green 
PCR Master (Applied Biosystems, USA) and run in 
ABIT900HT using the gene specific primers set forth in Table 
3. All samples were run in triplicates and data was analyzed 
with RQ manager at a pre-set Ct value (Applied BioSystems, 
USA). The Jatropha rbcL mRNA served as an internal con 
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trol. Ct values included in the analyses were based on 3 
biological replicates, with three technical replicates for each 
biological sample. Standard deviation was calculated based 
on 3 biological replicates. 

TABLE 3 

Primers Used in Gene-Specific Real-Time 
PCR Analysis 

Genes Primer (SEQ ID NO: ) 

CH42 5'-AAGGCAGAGCAAGAGAAG-3 (forward) (66) 
5'-TCTATTAGTGACAATATC-3 '' (reverse) 67) 

PDS 5'-TTTGTATCTGCCCAACCC-3 (forward) (68) 
5'-TATTGGTGTATGACCTGC-3 '' (reverse) (69) 

ANS 5' - GTGGGTGACCGCTAAATG-3 (forward) (7 O) 
5' - GGCTCACAGAAAACTGCC-3 (reverse) (71) 

ANR 5'-TGCAGTGCTGTCAATACC-3 (forward) (72) 
5 - CTCTGAGGAAATGATCAAC-3 (reverse) (73) 

AN 5'- CGACTCCGCCTTAGCTGCTGAC-3 (forward) (74) 
5- GAACTGATCCAAGCCAACCGG-3 (reverse) (75) 

Example 2 

Development of a VIGS System in Cotton Using a 
Gene involved in Terpenoid Biosysnthesis as a 

Marker Gene 

This example describes the construction of a tobacco rattle 
virus (TRV) based vector and its use for gene silencing in 
cotton. Virus induced gene silencing (VIGS) is initiated when 
a recombinant virus carrying a sequence from a host gene 
infects the plant. The endogenous gene transcripts with 
sequence homology to the insert in the VIGS vector are 
degraded by a post-transcriptional gene silencing mechanism 
(PTGS) (Baulcombe, 2004). 

Gossypol and related terpenoids are present throughout the 
cotton plant in the glands of foliage, floral organs, and bolls, 
as well as in the roots. Gossypol and other sesquiterpenoids 
are derived from (+)-8-cadinene. The gene silencing effi 
ciency of the TRV VIGS clones to suppress cad gene expres 
sion was assessed in cotton. The enzyme encoded by the 
6-cadinene synthase gene is responsible for the first commit 
ted step involving the cyclization of farnesyl diphosphate to 
(+)-8-cadinene. When this gene is silenced, the biosynthesis 
of gossypol and other sesquiterpenoids will be all disrupted. 
Sunilkumar et al. (2006) have successfully used cad gene 
RNAi to disrupt gossypol biosynthesis in cotton seed by 
stable transformation. In addition, these terpenoids are 
induced in response to microbial infections. These com 
pounds protect the plant from both insects and pathogens. 

In order to study the role of cad in cotton pest resistance and 
development roles, we first cloned cotton cad (SEQ ID 
NO:16) by PCR with primers (SEQID NOS:10 and 11) based 
on full length cDNA sequences (GenBank accession number: 
AY8001.06) and inserted into the psTRV2 vector to give 
psTRV2:CAD. A mixture of Agrobacterium cultures contain 
ing psTRV1 and psTRV2:CAD vector was infiltrated into 
cotton plants using vacuum infiltration. 

At 14 days post infection (dpi) the stem in infected cotton 
plants turned to brownish and became brittle and leaves begin 
to wither. There is no obvious phenotype in upper leaves of 
psTRV2:CAD treated plants (FIG. 3A). Brownwish necrosis 
and withering were seen in most of the psTRV2:CAD plants 
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bark at 25 dpi whereas no obvious phenotypes can be seen in 
the vector only control plants (FIG.3A). Most of the psTRV2: 
CAD plants were dead after 35 dpi (25/30 plant dead), which 
indicates that VIGS in cotton works with high efficiency and 
in a robust and reliable manner. 
We performed quantitative realtime PCR, using total RNA 

extracted from leaves of treated plants to confirm the VIGS of 
the CAD gene at the molecular and the results are shown in 
FIG. 3B. CAD RNA accumulation in the upper leaves of 
psTRV2:CAD infected plant was much lower than that of 
plants infected with the empty sTRV2 vector and there is only 
0.2% of CAD RNA was left in CAD treated plants. 

High-performance liquid chromatography (HPLC) was 
used to examine gossypol and related sesquiterpenoids from 
control and silenced cotton leaves. As gossypol is very sen 
sitive to air oxidation and readily forms acetals in alcoholic 
colutions, we modified the extraction and analysis methods 
were modified (for details see Example 1) in order to achieve 
accurate and reproducible results. As expected, HPLC data 
showed that the gossypol and related sesquiterpenoids levels 
were reduced to almost Zero, while control plants maintain 
high level of these chemical components (FIG. 3C). 

These results and the phenotypic data in CAD silenced 
plants indicated that the synthetic sTRVVIGS systems could 
be used to induce silencing of desirable endogenous cotton 
genes with high efficiency and in a robust and reliable style. 

Currently, complete sequencing of cotton genomes is just 
beginning. Meanwhile, an ever-expanding set of Gossypium 
EST sequences (about 400,000 now) and derived unigene sets 
from different libraries constructed from a variety of tissues 
and organs under a range of conditions are accessible on the 
web. These expressed sequence tags (ESTs) provide a wealth 
of information for functional genomics study of cotton. 
Therefore, the VIGS assay described here offers a means to 
test the function of cotton gene sequences in a homologous 
system. Using a normalized cDNA library it is possible to 
conduct large scale screens of gene function with the sTRV 
based VIGS system. 

Example 3 

Development of a VIGS System in Cotton Using 
CH42 and PDS as Marker Genes 

This example describes the construction of additional 
tobacco rattle virus (TRV) based vectors and their use for 
virus induced gene silencing in cotton. 
We assessed the gene silencing efficiency of the synthetic 

TRV (STRV) clones to suppress CH42 gene expression in 
Gossypium hirsutum. The enzyme encoded by the CH42 gene 
is responsible for adding magnesium into the porphyrin ring 
during chlorophyll biosynthesis. When this gene is silenced, 
chlorophyll synthesis is blocked and consequently leaves lose 
their green color but appear yellow instead owing to the 
presence of carotenoids. 
To amplify the CH42 homolog from Gossypium hirsutum, 

a putative EST sequence was identified by using Arabidopsis 
CH42 gene (NM 117962) as a seed sequence to BLAST 
against the whole EST sequences of GenBank. One EST 
encoded the putative CH42 protein in cotton was identified. 
PCR primers (SEQ ID NOs: 54 and 55) were designed to 
amplify a 653-bp CH42 cDNA of G. hirsutum by PCR, and 
the CH42 fragment (SEQ ID NO:76) was inserted into the 
psTRV2 MCS site to give psTRV2:CH42. The sequence of 
CH42 was verified by sequencing. 

Cultures of Agrobacterium carrying psTRV1 was mixed 
with cultures of Agrobacterium carrying either psTRV2: 
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CH42 or psTRV2 vector control. The mixed culture was 
vacuum-infiltrated into G. hirsutum plants with 2-3 true 
leaves (for details see Example 1). Upper leaves or reproduc 
tive organ flower bud of the treated plants were examined for 
silencing effects (FIGS. 4A and 4B). Uniform silencing of 
target gene in whole plants were observed in almost all of 
treated plants and is helpful for high-throughout study and 
rapid analysis using VIGS since it allows easy sampling and 
collection of reproducible data. We performed quantitative 
realtime PCR, using total RNA extracted from plants treated 
with different STRV vectors to confirm the VIGS of the CH42 
gene at the molecular and the results are shown in FIG. 4C. 
CH42 RNA accumulation in the upper leaves of psTRV2: 
CH42 infected plant was much lower than that of plants 
infected with the empty psTRV2 vector and there is only 0.2% 
of CH42 RNA was left in CH42 treated plants. 
We further chose to silence another marker gene phytoene 

desaturase (PDS) which encodes a key enzyme involved in 
carotenoid biosynthesis. Silencing of the PDS gene would 
inhibit carotenoid biosynthesis leading to chlorophyll photo 
oxidation and destruction at highlight intensity and resulting 
in photo-bleached leaves. 

To amplify the PDS homolog from G. hirsutum, a putative 
EST sequence was identified by using Arabidopsis PDS gene 
(AY 057669) sequence to BLAST against the whole EST 
sequences of GenBank. One EST encoded the putative PDS 
protein in cotton was identified. PCR primers (SEQID NOs: 
56 and 57) were designed to amplify a 479-bp PDS cDNA of 
G. hirsutum by PCR, and the PDS fragment (SEQID NO:77) 
was inserted into the STRV2 MCS site to give psTRV2:PDS. 
The sequence of PDS was also verified by sequencing. Cul 
tures of Agrobacterium carrying psTRV1 was mixed with 
cultures of Agrobacterium carrying either psTRV2:PDS or 
vector control. The mixed culture was vacuum-infiltrated into 
G. hirsutum plants with 2-3 true leaves. Upper leaves of the 
treated plants were examined for silencing effects (FIG. 4A). 
We performed quantitative realtime PCR, using total RNA 
extracted from plants treated with different STRV vectors to 
confirm the VIGS of the PDS gene at the molecular and the 
results are shown in FIG. 4C. PDS RNA accumulation in the 
upper leaves of psTRV:PDS infected plant was much lower 
than that of plants infected with the empty sTRV vector and 
there is only 10% of PDS RNA was left in PDS treated plants. 

Example 4 

Demonstration of VIGS System in Other Cotton 
Germplasm 

Gossypium includes approximately 45 diploid (2n=2x=26) 
and five tetraploid (2n=4x=52) species, all exhibiting disomic 
patterns of inheritance. Most modern cotton varieties are 
forms of Gossypium hirsutum (upland cotton, tetraploid), 
about 95% of annual cotton crop worldwide, although three 
other species are also utilized to a lesser extent, Gossypium 
barbadense (tetraploid), Gossypium arboreum (diploid), and 
Gossypium herbaceum (diploid). These three species are also 
very important genetic resources and offer gene reservoir for 
special breeding purpose. For example, G. herbaceum, with 
high resistance to biotic and abiotic stresses, can be used as a 
good start genetic material for interspecies crossings with G. 
hirsutum to improve its resistance to various stresses. There 
fore, a species independent method for gene functional analy 
sis in Gossypium genus and relative plants is also greatly 
needed. 

FIGS. 5A-5C show that the sTRV VIGS system not only 
works in tetraploid cotton G. hirsutum, but also in diploid 
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cotton Gossypium arboreum and Gossypium herbaceum by 
demonstrating the silencing effect on one chlorophyll biosyn 
thesis gene magensium chelatase CH42 gene. 

Cultures of Agrobacterium tumefaciens strains carrying 
psTRV1 and psTRV2 (FIG. 5A, Vector control 1+2) or 
psTRV2: CH42 (FIGS. 5B and 5C) were mixed in 1:1 ratio. 
Mixed culture was vacuum infiltrated into Gossypium 
arboreum and Gossypium herbaceum plants at 2-3 leaf stage 
plants. FIGS.5A and 5B of cotton leaves were taken at 7 DPI, 
while FIG.SC was taken at 14 DPI. 
Our data demonstrated that our sTRV VIGS system can 

workin all tested diploid and tetraploid cotton species, at least 
in leaves. These data indicated that this sTRV VIGS system 
can also work for all commercial cotton varieties and germ 
plasms, which are derived from intra-species or inter-species 
crossing. 

Example 5 

Using VIGS to Analyze Function of Transcription 
Factor Genes in Cotton 

Transcription factors (TFs)-mediated regulation of mRNA 
production is a major mode of regulation for plants mounting 
responses to developmental signals and environmental cues, 
and transcriptional regulation has been widely studied in 
model plants, such as Arabidopsis and rice. We tested the 
utility of the TRV-VIGS system for high-throughput analysis 
TF gene functions. 
The Arabidopsis ASYMMETRIC LEAVES 1 (AS1) and 

its orthologs belong to the R2R3 MYB family. They play an 
evolutionarily conserved role in shoot apical meristem, leaf 
and fruit development (Sun et al., 2002; Alonso-Cantabrana et 
al., 2007). AS1 represses class I KNOTTED1-like homeobox 
(KNOX) gene expression by binding to their promoters 
(Guo et al., 2008) and it promotes stem cell function by 
regulating phytohormone activities (Alonso-Cantabrana et 
al., 2007). AS1 also negatively regulates inducible resistance 
against pathogens by selective binding to certain JA-respon 
sive gene promoters (Nurmberg et al., 2007; Yang et al., 
2008). By contrast, AS1 is a positive regulator of salicylic 
acid (SA)-independent extra-cellular defenses against bacte 
rial pathogens (Nurmberg et al., 2007). 

In order to study the role of AS1 in cotton development and 
biotic stress, we first cloned putative cotton AS1 gene homo 
logue. We used the amino acid sequence of Arabidopsis AS1 
(GenBank accession number: NM129319) to search the Gen 
Bank cotton EST database using TBLASTN. Cotton EST 
clone DT568841, DW499296, ES792898 showed significant 
homology to Arabidopsis AS1. Based on these information, 
we got a full-length cDNA encoded a putative cotton AS1 
protein. The nucleotide sequence of putative cotton AS1 gene 
is set forth in SEQID NO:17. Amino acid sequence analysis 
of cotton AS1 shows 65.9% identity and 75.8% similarity to 
Arabidopsis AS1 (FIG. 4A). Similar to other AS1 in diverse 
plant species, this putative cotton AS1 contains a conserved 
R2R3 MYB domain (shown by dark underline in FIG. 6). The 
amino acid sequences outside the R2R3 MYB domain are 
significantly different between this putative cotton AS1 and 
other AS1 orthologs (FIG. 6). The amino acid of putative 
cotton AS1 gene is set forth in SEQID NO:18. 
To amplify the AS1 gene for functional analysis using 

VIGS in cotton, PCR primers were designed to target a 418 bp 
fragment which was inserted into psTRV2 to give psTRV2: 
AS1. A mixture of Agrobacterium cultures containing 
psTRV1 and psTRV2: AS1 vector was vacuum infiltrated into 
cotton plants. After 18 dpi, obvious phenotypes can be seen in 
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newly emerged leaves. Severe downward curling was the 
most obvious phenotype from the adaxial side (FIG. 7B and 
FIG. 7C) of leaves. Leaves silenced in AS1-expression had 
normal adaxial/abaxial polarity but displayed a specific dis 
ruption in the adaxial domain, leading to the formation of 
ectopic leaf blades on the lateral flanks of vein (FIG. 7D). 
Ectopic adaxial leafblades (EB) developed directly from the 
main vein of primary blade (PB) and showed a fixed polarity 
(FIG. 7D). These phenotypes of AS1 treated plants were also 
Verified in detail by using scanning electron microscope (FIG. 
7F and FIG. 7G). These phenotypes were found in tobacco 
with AS1 down-regulation (McHale and Koning, 2004). In 
Arabidopsis and tobacco, ectopic expression of KNOX genes 
leads to production of ectopic adaxial leafblades (Orr et al., 
2000; McHale and Koning, 2004). In Jatropha, a small and 
woody plant of the Euphorbiaceae family, silencing of AS1 
like gene also leads to similar ectopic adacial leafblade and 
downward leaf curling (see International patent application 
No. PCT/SG20009/000481 filed on 16 Dec. 2009 and U.S. 
provisional patent application No. 61/143,484 filed on 9 Jan. 
2009). The phenotypic similarity between this putative cotton 
AS1 gene silencing plants and other AS1 homologues down 
regualtion plants, indicates that this gene is AS1 gene homo 
logue in cotton. 
We performed quantitative realtime PCR, using total RNA 

extracted from leaves of treated plants to confirm the VIGS of 
the AS1 gene at the molecular and the results are shown in 
FIG. 7H. AS1 RNA accumulation in the upper leaves of 
psTRV2: AS1 infected plant was much lower than that of 
plants infected with the empty sTRV vector and there is only 
17% of AS1 RNA was left in AS1 treated plants. 
These adaxial leafblade phenotypes provide evidence that 

this is cotton AS1 gene and that TRV VIGS could be used in 
cotton to rapidly screen for function of TF genes. Such genes 
may be important for cotton boll development and cotton 
fiber initiation and elongation in different developing stages. 
More importantly, recent evidence shows that common net 
works regulate leaf and fruit patterning in Arabidopsis (Nur 
mberg et al., 2007). Thus, one can use the leaf as a model 
system for rapidassessment of TF gene functions and to make 
use of such information to further to make use of these genes 
to modify or enhance the quality and quantity of cotton fiber. 
In certain embodiments, the invention also provides plant 
products obtained from transgenic plants of the invention. 
The term “plant product' is intended to include anything that 
may be obtained from a particular plant, including, for 
example, fruits, seeds, pollen, ovules, plant embryos, oils, 
juices, waxes, proteins, lipids, fatty acids, vitamins, plant 
tissues in whole or in part, (e.g. roots, leaves, stems, flowers, 
boll, fruit, bark), cells, cell Suspensions, tubers and stolons. 

Example 6 

Functional Analysis of Small RNA Pathway Genes 
in Cotton by VIGS 

Small RNAs (smRNAs) regulate processes as diverse as 
plant resistance to viruses, and plant development and differ 
entiation. We tested the ability of the TRV VIGS system for 
high-throughput analysis of functions of genes involved in 
SmRNA biogenesis pathways. 

All RNA-silencing pathways require the genesis of 18- to 
26-nt smRNAs from the cleavage of double-stranded RNA 
(dsRNA) or highly structured regions within single-stranded 
viral RNAs. MicroRNA is one important kind of smRNAs. 
Bound to ARGONAUTE1 (AGO1) protein, miRNAs guide 
RNA-induced silencing complexes (RISCs) to cleave 
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mRNAS with partial or complete sequence complementarity. 
Accordingly, Arabidopsis AGO1 binds miRNAs and displays 
slicer activity toward miRNA targets, and strong ago 1 loss 
of-function mutants overaccumulate miRNA target tran 
scripts (Baulcombe, 2004). AGO1 has also proven to bind 
viral-derived siRNA and ago 1 mutant show hypersusceptibil 
ity to virus (Beclinet al., 2002: Morel et al., 2002). 

In order to study the role of AGO1 in cotton development 
and biotic stress, we first cloned the cotton homologue of 
AGO1. We used the amino acid sequence of Arabidopsis 
AGO1 (GenBank Accession Number NM 179453) to 
search the GenBank cotton EST database using TBLASTN. 
Several cotton EST clones showed significant homology to 
different regions of Arabidopsis AGO1. Based on this infor 
mation, we obtained a 2329 bp partial clNA sequences 
encoding a part of the putative cotton AGO1 protein. The 
nucleotide sequence of cotton AGO1 gene is set forth in SEQ 
ID NO:23. The amino acid sequence of cotton AGO1 is set 
forth in SEQ ID NO:24. Analysis of this putative cotton 
AGO1 shows 87.5% identity and 92.7% similarity to Arabi 
dopsis AGO1 in this 776 aa region. 
To amplify the AGO1-like gene for functional analysis 

using VIGS in cotton, PCR primers were designed to target a 
583 bp fragment which was inserted into psTRV2 to give 
psTRV2:AGO1. A mixture of Agrobacterium cultures con 
taining psTRV1 and psTRV2:AGO1 vector was vacuum infil 
trated into cotton plants. A mixture of Agrobacterium cultures 
containing psTRV1 and psTRV2:AGO1 vector was infil 
trated into cotton plants. After 27 dpi, diverse and varied 
phenotypes can be seen in new emerged leaves. Severe 
upward curling was the most obvious phenotype both from 
the adaxial side (FIG. 8B) and the abaxial side (FIG. 8C) of 
leaves. AGO1-silenced leaves showed a specific disruption in 
the abaxial domain, leading to the formation of abaxial 
ectopic leaf blades (FIG. 8C). We further observed ectopic 
abaxial leafblades structure emerged along with the leaf vein 
and the ectopicabaxial side faced to the primary blade abaxial 
(FIG. 8C). In Arabidopsis, ectopic PHAV expression leads to 
the formation of ectopic abaxial leafblade in AGO1 mutants 
(Kidner and Martienssen, 2004). In Jatropha, a small and 
woody plant of the Euphorbiaceae family, silencing of 
AGO1-like gene also leads to similar ectopic abacial leaf 
blade and upward leafcurling (see International patent appli 
cation No. PCT/SG20009/000481 filed on 16 Dec. 2009 and 
U.S. provisional patent application No. 61/143,484 filed on 9 
Jan. 2009). These phenotypic similarities suggest this gene is 
an AGO1 homologue in cotton. 

These abaxial leafblade phenotypes provide evidence that 
this is the cotton AGO1 gene and that TRV VIGS could be 
used in cotton to rapidly screen for function of small RNA 
regulated pathway and virus resistance pathway. Such genes 
may be important for cotton boll development and cotton 
fiber initiation and elongation in different developing stages. 
More importantly, recent evidence shows that common net 
works regulate leaf and fruit patterning in Arabidopsis (Nur 
mberg et al., 2007). Thus, one can use the leaf as a model 
system for rapid assessment of Small RNA pathway gene 
functions and to make use of Such information to further to 
make use of these genes to modify or enhance the quality and 
quantity of cotton fiber. In certain embodiments, the invention 
also provides plant products obtained from transgenic plants 
of the invention. The term “plant product' is intended to 
include anything that may be obtained from aparticular plant, 
including, for example, fruits, seeds, pollen, ovules, plant 
embryos, oils, juices, waxes, proteins, lipids, fatty acids, Vita 
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mins, plant tissues in whole or in part, (e.g. roots, leaves, 
stems, flowers, boll, fruit, bark), cells, cell Suspensions, 
tubers and stolons. 

Example 7 

Functional Analysis of Proanthocyanidins in Cotton 
by VIGS 

Proanthocyanidins (PAs) is one major class of flavonoids, 
one of the largest groups of plant secondary metabolites. PAS 
are oligomeric and polymeric end products of the flavonoid 
biosynthetic pathway. PAS act as antibiotics, antisporulants, 
feeding deterrents, and enzyme denaturants. Many evidences 
have shown good correlation between cotton wilt disease/ 
insect resistances with PAS level in cotton. Most genetic stud 
ies on PAs biosynthesis pathway were done model plant Ara 
bidopsis and recently Medicago truncatula. By our 
knowledge, there is no gene functional analysis in PA biosyn 
thesis pathway in cotton. We took advantages of our sTRV 
VIGS system in cotton to decipher structure genes and regu 
lated network for PA biosynthesis process. 

PAS are one class of products from the pathway leading to 
anthocyanins. Two enzymes anthocyanidin synthase (ANS) 
and anthocyanidin reducatase (ANR) function at branches 
between anthocyanin and PA biosynthesis. ANS converts the 
Substrate flavan-3,4-diol (leucoanthocyanidin) to anthocya 
nidin, which can serve as substrate for ANR to produce 
another major PA unit, 2.3-cis-flavan-3-ol (epicatechin) in 
Arabidopsis and Medicago. 
Two putative genes coding ANS and ANR were used to 

insert into sTRV VIGS vector, for functional analysis. To 
amplify these two genes from Gossypium hirsutum, we 
designed PCR primers (ANS: SEQID NOS:58 and 59; ANR: 
SEQ ID NOS:60 and 61) to amplify partial fragments of 
putative GhaNS and GhaNR according to the querying 
results of GenBank EST database with amino acid sequence 
of Arabidopsis ANS and ANR proteins. The PCR products 
(ANS: SEQID NO:78: ANR: SEQID NO:79) were further 
into cloned psTRV2 to give psTRV2:ANS and psTRV2: 
ANR. A mixture of Agrobacterium cultures containing 
psTRV1 with psTRV2, psTRV2:ANS or psTRV2:ANR was 
vacuum infiltrated into 2-3 true leaf cotton plants. After 7-10 
days post inoculation, leaf margin around new systemic 
leaves of psTRV2: ANR cotton plants appeared brownish 
phenotypes. Two to 7 days later, gene silencing phenotype 
was obvious in whole leafblade, esp. the leaf veins in 3-5 new, 
expanding leaves (FIG.9A) and the brownish phenotype was 
also visible in the lateral leaf below the infiltrated leaf. 
Brownish phenotype can be also found on the petiole (FIG. 
9A), bark (FIG. 10), root (FIG. 11) and reproductive organ 
flower bud (FIG. 12). We deduce this brownish phenotype 
was due to blocking ANR functions on conversion anthocya 
nidin into proanthocyanidin unit. This blocking leads to accu 
mulate higher level of colourful substrate anthocyanidin. On 
contrast, ANS plants show no visible phenotype difference 
with vector control plants. Transcript analysis by real-time 
PCR showed 99.9% reduction of ANS and ANR transcript 
levels in corresponding plants compared to Vector (1+2) con 
trol (FIG. 9B). 

Next we used the widely-used PAS staining reagent 
DMACA to check the PAS accumulation level in gene silenc 
ing cotton. The DMACA, an aromatic aldehyde, shows deep 
blue coloration after reaction with catechins, the major fla 
van-3-ols associated in cotton PAS. Most of the tissues in 
vector (1+2) control plants contain high level of PAS level as 
showed by DMACA staining (bark in FIG. 11, leaf, bud, 
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flower, root in FIG. 12 and dissected bud in FIG. 13). For 
example in cotton leaf PAS are highly accumulated in paren 
chyma cell around phloem. The leaf vein region and petiole 
show deeper anthocyanidin red color in ANR plants. In con 
trast to ANR plants, ANS plants show colorless because there 
is neither anthocyanidin red color nor PAs blue color (FIG. 
11, FIG. 12 and FIG. 13). Both ANR and ANS silencing 
results prove silencing effect can enter into all over the cotton 
plants and shows very homogenous silencing effect, which is 
very important merit for a good VIGS system (FIG. 4A-FIG. 
7). More importantly, silencing can be achieved in reproduc 
tive organs, such as bud, flower and ovule. These results 
indicate sTRV VIGS can be used to screen genes important 
for cotton fiber development. ANS and ANR silencing were 
also found in the cotton roots, where verticillium dahliae 
infects from and causes the wilt disease. That strongly Sug 
gested that sTRV VIGS system can also be used to cotton 
fungal disease resistance. 

Example 8 

Functional Analysis of a CtBP in Cotton by VIGS 

Cotton fibers are seed trichomes and are the most important 
product of cotton plants. Cotton fiber development undergoes 
several distinctive but overlapping steps including fiber ini 
tiation, elongation, secondary cell wall biosynthesis, and 
maturation, leading to mature fibers. Single-celled cotton 
fiberalso provides a unique experimental system to study cell 
elongation. Many evidences demonstrated in previous 
examples have shown sTRV VIGS system can work effec 
tively both in vegetative but also reproductive organs such as 
flower and bud. In this example, we showed sTRV VIGS can 
also work in cotton fiber. 
CtBP (C-terminal binding protein) is an evolutionarily 

conserved NAD(H)-dependent transcriptional corepressor, 
whose activity has been shown to be regulated by the NAD/ 
NADH ratio. Although recent studies have provided signifi 
cant new insights into mechanisms by which CtBP regulates 
transcription and interaction with other protein components, 
the biological function of CtBP remains incompletely under 
stood. ANGUSTIFOLIA (AN) is the first C-terminal binding 
protein (CtBP) gene from plants and controls leaf width and 
pattern of trichome branching in Arabidopsis. However the 
role of CtBP or its ortholog in cotton fiber development is 
unknown. 
To amplify the AN ortholog from G. hirsutum, a putative 

EST sequence was identified by using Arabidopsis AN gene 
(NM 100033) sequence to BLAST against the whole cotton 
EST sequences of GenBank. One EST encoded the putative 
AN protein in cotton was identified. PCR primers (SEQ ID 
NOs:62 and 63) were designed to amplify a 621-bp AN 
cDNA of G. hirsutum by PCR, and the AN fragment (SEQID 
NO:80) was inserted into the sTRV2 MCS site to give 
psTRV2:AN. The sequence of AN was also verified by 
sequencing. Cultures of Agrobacterium carrying pTRV1 was 
mixed with cultures of Agrobacterium carrying either 
psTRV2:AN or vector control. The mixed culture was 
vacuum-infiltrated into G. hirsutum plants with 2-3 true 
leaves (for details see Example 1). There are no obvious 
phenotypes in vegetative organs of AN-Silenced cotton 
plants, such as leafwidth (FIGS. 13A and 13B) and pattern of 
trichome branching. We performed quantitative realtime 
PCR, using total RNA extracted from upper leaves of treated 
plants to confirm the VIGS of the AN gene at the molecular 
and the results are shown in FIG. 16A. AN RNA accumula 
tion in the upper leaves of psTRV2:AN infected plant was 
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much lower than that of plants infected with the empty sTRV 
vector and there is only 10% of AN RNA was left in AN 
treated plants. These data suggested the role of AN on leaf 
expansion in the leaf width direction is not conserved in 
COtton. 

On contrast of no obvious roles on vegetative growth and 
development, AN plays an very impressively key role in 
organ size determination, specific in width orientation and 
fiber development. In AN-silenced cotton, the flower bud and 
ball was thinner and smaller (FIGS. 13D, 13F, 13H, 13J, 13L. 
13N) comparing to control (FIGS. 13C, 13E, 13G, 13I, 13K, 
13M) individually. The most severe phenotype in AN-si 
lenced ball showed few initiated fiberin one ovule and totally 
few ovule number in one ball (FIG. 14 and FIG. 15). Real 
time PCR analysis showed AN transcript levels were greatly 
reduced in ovules (FIG. 16B). This may be caused by abnor 
mal arrangement of cortical MTs. It has been proved that the 
abnormal arrangement of cortical microtubules account for 
the abnormal shape of the cells in Arabidopsis. AN gene 
might regulate the polarity of cell growth by controlling the 
arrangement of cortical MTs (Kim et al., 2002). 

Beside AN role in cytoskyloton, there might be other roles 
Such as negative transcriptional regulation on development by 
interaction with other protein components. AN encodes a 
novel protein with sequence similarity to C-terminal binding 
protein/BrefeldinA ribosylated substrates that are known to 
be involved in transcriptional regulation or in vesicle bud 
ding. In the animal kingdom, CtBPs self-associate and act as 
co-repressor of transcription. In mouse, CtBP invoved in 
embryogenesis, mutants leads to embryo development stop at 
Some stages. This may help to explain why some of AN 
silenced ovule is lethal in cotton ovule development (FIG. 
14). Microarray analysis in Arabidopsis Suggested AN gene 
might regulate the expression of certain genes, e.g. the genes 
involved in formation of cell walls (Kim et al., 2002). 

This example clearly proved sTRV VIGS works very well 
in cotton fiber and ovule development step, which is the key 
stage to determinate cotton fiber length, fiber and ovule num 
ber. 

Example 9 

Functional Analysis of KTN in Cotton by VIGS 

Microtubule cytoskeleton plays an important role in cell 
morphogenesis in plants as demonstrated by pharmacologi 
cal, biochemical, and genetic studies. The microtubule 
cytoskeleton may be involved in the transportation of 
organelles and vesicles carrying membranes and cell wall 
components to the site of cell growth as in root hairs, trichome 
cells, and pollen tubes. Therefore, the microtubule cytoskel 
eton is essential for cell elongation and tip growth. 

Katanin (KTN) is a heterodimeric microtubule (MT) sev 
ering protein that uses energy from ATP hydrolysis to gener 
ate internal breaks along MTs. Katanin p60, one of the two 
Subunits, possesses ATPase and MT-binding/severing activi 
ties, and the p80 Subunit is responsible for targeting of katanin 
to certain Subcellular locations. In animals, katanin plays an 
important role in the release of MTs from their nucleation 
sites in the centrosome. It is also involved in severing MTs 
into Smaller fragments which can serve as templates for fur 
ther polymerization to increase MT number during meiotic 
and mitoticspindle assembly. Katanin homologs are present 
in a wide variety of plant species. The Arabidopsis katanin 
homolog has been shown to possess ATP-dependent MT sev 
ering activity in vitro and exhibit a punctate localization pat 
tern at the cellcortex and the perinuclear region. Disruption of 
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katanin functions by genetic mutations causes a delay in the 
disappearance of the perinuclear MT array and results in an 
aberrant organization of cortical MTS in elongating cells. 
Consequently, katanin mutations lead to defects in cell elon 
gation, cellulose microfibril deposition, and hormonal 
responses. Studies of kataninin plants provide new insights 
into our understanding of its roles in cellular functions. 

Enrichment of siRNAs in ovules and fibers suggests active 
small RNA metabolism and chromatin modifications during 
fiber development, whereas general repression of miRNAs in 
fibers correlates with upregulation of a dozen validated 
miRNA targets encoding transcription and phytohormone 
response factors, including the genes found to be highly 
expressed in cotton fibers. Microtubule dynamics play a role 
in miRNA-guided translational inhibition but not in miRNA 
guided cleavage. However the role of KTN in reproductive 
organ development or its orthologin cotton fiberdevelopment 
is unknown 
To amplify the KTN ortholog from G. hirsutum, a putative 

EST sequence was identified by using Arabidopsis KTN gene 
(NM 106684.4) sequence to BLAST against the whole cot 
ton EST sequences of GenBank. One EST encoded the puta 
tive KTN protein in cotton was identified. PCR primers (SEQ 
ID NOs:64 and 65) were designed to amplify a 675-bp KTN 
cDNA of G. hirsutum by PCR, and the KTN fragment (SEQ 
ID NO:81) was inserted into the STRV2 MCS site to give 
psTRV2:KTN. The sequence of KTN was also verified by 
sequencing. Cultures of Agrobacterium carrying pTRV1 was 
mixed with cultures of Agrobacterium carrying either 
psTRV2:KTN or vector control. The mixed culture was 
vacuum-infiltrated into G. hirsutum plants with 2-3 true 
leaves (for details see Example 1). 

There are very obvious phenotypes in vegetative organs of 
KTN-Silenced cotton plants, such as dark green and Smaller 
leaf blades, shorter petiole (compare with vector control in 
FIG. 17A and KTN-silenced in FIG. 17B) and pattern of 
trichome branching and length of leaf trichomes (FIG. 19). 
These data Suggested KTN play multiple significant roles on 
plant development. 
KTN not only plays key roles on vegetative growth and 

development, but also plays very impressively key roles in 
organ size determination, specific in width orientation and 
fiber development. In KTN-silenced cotton, the flower bud 
and ball was thinner and smaller (FIGS. 17D, 17F, 17H, 17J) 
comparing to control (FIGS. 17C, 17E, 17G, 17I) individu 
ally. The most severe phenotype in KTN-silenced ball 
showed much shorter fiber in one ovule (FIG. 18). This may 
becaused by abnormal arrangement of cortical MTs. It has 
been proved that the abnormal arrangement of cortical micro 
tubules account for the abnormal shape of the cells in Arabi 
dopsis. 

Example 10 

Expression in Cotton Using Transient Expression 
Vector 

The use of crops that are genetically engineered to produce 
expressed protein or polypeptide such as Bacillus thuringien 
sis (Bt) toxins has risen rapidly to more than 32 million 
hectares. Transient systems to quickly express exogenous or 
endogenous polypeptide is greatly needed in cotton, which is 
difficult to transform. 

Examples of transient expression using the method of the 
present invention are detailed below. Briefly, the method 
requires that a heterologous DNA construct comprising a 
plant promoter, a DNA sequence encoding a protein. Prefer 
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ably, the DNA construct encodes an additional gene of inter 
est. For example, the DNA construct may include a gene the 
expression of which results in increased cotton resistance to 
insect or increase cotton fiber length or other agronomic 
properties in infiltrated plants. 

In the example below, cotton plants transiently expressing 
green fluorescent protein (GFP) were obtained from tissue 
was vacuum infiltrated with agrobacterium that included a 
GFP gene. This GFP gene and other genes such as GUS. 
luciferase gene, which can serve as easily screenable markers, 
were used in some of the examples described below, simply 
because their phenotypes can be readily detected in the 
vacuum-infiltrated plants. It is reasonable to expect that by 
using DNA constructs created by standard molecular biologi 
cal techniques, the present invention may be employed to 
obtaina cotton plant expressing virtually any other gene. In an 
alternative embodiment, the method for obtaining transient 
expressed cotton plants involves the fusion of GFP with other 
genes and the other of which comprises a gene of interest. 

To amplify the GFP gene for transient expression analysis 
as a marker in cotton, PCR primers were designed to a frag 
ment which was inserted into the psTRV2001, with a syn 
thetic pea early browning virus (PEBV) subgenomic pro 
moter to give psTRV2:GFP. A mixture of Agrobacterium 
cultures containing psTRV 1 and psTRV2:GFP vector was 
vacuum infiltrated into cotton plants. At 3 dpi, strong GFP 
expression was fast screened when infiltrated cotton plants 
excited with ultraviolet light in whole plants (FIGS. 20B, 
20C, 20D). Cotton leaves were collected and GFP antiboby 
was used to detect the curcin protein. Western blot analysis 
showed that strong GFP accumulated in cotton leaves. Coo 
massie Bright Blue staining of the large subunit of ribulose 
1.5-bisphosphate carboxylase/oxygenase indicates compa 
rable loading of the samples. 

Example 11 

Modified VIGS Vector Containing an Intron 

There are many reasons that cause RNA viral vectors to 
have difficulties in initiation of transcription. First, the non 
optimized genome sequence might be improperly recognized 
by the RNA processing machinery such as cryptic splice sites 
and thymine-rich, putative intron sequences embedded in 
RNA genomes. Second, TRV RNA1 viral vector encode very 
large transcripts about 7.0 kilonucleotides, a size is about 3-4 
fold of avarage plant genes size (1-2. Kb). In nature, plant 
genes often contain huge numbers of introns that facilitate 
processing and export of the pre-mRNA from the nucleus. In 
the agroinfiltration-based VIGS and transient expression sys 
tems of the present invention, pre-mRNA transcripts made in 
plant nucleus from viral constructs may not be efficiently 
recognized or proper processing without intron sequences. 
Addition of an intron can make the viral transcript easier to be 
recognized by the host huclear pre-mRNA processing and 
export machinery, therefore to increase the percentage of 
plant cells in which viral replication could occure, but also the 
efficiency by which an infection could be initiated. 
The consensus sequences AG/GT is used as a target 

sequence for intron insetion. In a second round screen cycle, 
we analyzed the sequence of TRV1 using the NetgeneII pro 
gram (http colon backslashbackslash www dot cbs dot dtu 
dot dk backslash services backslash NetGene2/) with param 
eters set for A. thaliana sequences. We noticed one site (posi 
tion of 10919-10922 in psTRV 1001 sequence) cotaining 
AG/GT with a high confidence to act as a donor splice site. 
Therefore we chose this site for insertion of plant intron. 
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Overlapping PCR was used to generate TRV1 fused with 

intron sequence derived from A. thaliana and inserted into the 
psTRV 1001 vector to make psTRV 1001-intron vector. The 
modified vector is analyzed to show that the intron-containing 
vector can lead to better VIGS effiencncy and higher overex 
pression level. 

Example 12 

Materials and Methods for Example 13 

The approach described in Examples 12 and 13 involves 
cloning a short sequence of a targeted cotton gene correlating 
to cell elongation, cell wall and cellulose biosynthesis into a 
viral delivery vector. The vector is used to infect the cotton 
ovules in vitro, and in a few days or weeks natural defense 
mechanisms directed at Suppressing virus replication also 
result in specific degradation of mRNAS from the endogenous 
plant gene that is targeted for silencing. The method is rapid 
(1-4 days from infection to silencing), does not require devel 
opment of stable transformants, allows characterization of 
phenotypes that might be lethal in stable lines, and offers the 
potential to silence either individual or multiple members of 
a gene family. 

Plant growth conditions: All the cotton plants (Gossypium 
hirsutum) were grown in potting soil in a greenhouse with 
natural temperature and light. Flower buds to be used for the 
collection of ovaries were tagged on the day of anthesis and 
the corresponding bolls were harvested at 1 day after that day. 

Cotton ovule culture: One day post-anthesis (DPA), flower 
buds or bolls were collected, and bracts, sepals, and petals 
were removed. Ovaries were surface sterilized by using 75% 
ethanol, followed by washing with sterile water 3-5 times. 
Ovules were carefully dissected from the ovaries under asep 
tic conditions. These ovules were infected by TRV containing 
the Actin 1 gene. Followed by washing with sterile water 3-5 
times, these ovules were immediately floated on the surface 
of BT medium supplemented with 1.1 mg/L IAA, 1.7 mg/L 
GA3 and 0.3 mg/LIBA (Beasley and Ting 1973). Oxygenate 
(pure oxygen) the BT medium over 30 min before use. The 
ovules were incubated at 32EC in the dark without agitation 
except for occasional brief periods for examination. Cotton 
ovule culture is shown in FIGS. 21A and 21B. 

Scanning electron microscopy: In order to examine fiber 
initiation and elongation, ovules infected by TRV-Actin 1 
were placed on double-sided Sticky tape on an aluminum 
specimen holder and frozen immediately in liquid nitrogen. 
The frozen sample was viewed with a JSM-6360LV scanning 
electron microscope (JEOL, Tokyo, Japan). 

Total RNA extraction: Cotton fibers were frozen in liquid 
nitrogen and ground with a pestle to a fine powder in a cold 
mortar. Total RNA was extracted according to Wan and 
Wilkins (1994) with up to 100 mg of ground fibers. All RNA 
preparations were DNase treated and purified by Qiagen 
RNeasy plant mini kit. 

Reverse transcription PCR analysis: A two-step RT-PCR 
procedure was performed in all experiments. First, First 
strand cDNA was synthesized from 2 ug total RNA using the 
Superscript first-strand synthesis system for RT-PCR (Invit 
rogen) and was primed with 1 g of oligo(dT) (dT15). Then, 
the cDNAs were used as templates in RT-PCR reactions with 
gene-specific primers. The RT-PCR primers used for ampli 
fying Ghactin 1 were Act-up (5'-ATATTCTAGAAGAA 
GAACTATGAGTTGCCT-3'; SEQ ID NO:28) and Act-dn 
(5'-ATGGG ATCCCGTAGAGATCCTTCCTGATAT-3'; 
SEQID NO:29). Tubulin gene was used as the RNA standard. 
The RT-PCR primers used for amplifying the GhTubulin gene 
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were Tub-up (5'-GATGTTGTGCCCAAGGATGTTAATGC 
3'; SEQ ID NO:30) and Tub-din (5'-ATGAGATCA AACT 
TGTGGTCAATGCG-3'; SEQID NO:31). 

Real-time PCR analysis: The expression of the Ghactin 1 
gene in cotton fibers was analyzed by real-time quantitative 
RT-PCR using the fluorescent intercalating dye SYBR-Green 
in a LightCycler detection system (Applied BioSystems) 
using the gene specific primers set forth in Table 4. A cotton 
Tubulin gene (GhTubulin) or Ubiquitin gene (GhUbiquitin) 
was used as a standard control in the QRT-PCR reactions. The 
real-time PCR reaction was performed using the Power 
SYBR Green PCR Master Mix (Applied Biosystems) with an 
ABI 7900 sequence detection system according to the manu 
facturers instructions (Applied Biosystems). The amplifica 
tion of the target genes was monitored every cycle by SYBR 
Green fluorescence. The relative value for expression level 
was calculated by the equation Y-taget gene (Actin 1)/stan 
dard control (Tubulin or Ubiquitin). 

TABLE 4 

10 

15 

36 
Green RT-PCR using gene-specific primers (Table 4). To 
understand whether the changed the length of fiber also 
including all of the candidate genes, we observed the ovules 
Surface by Scanning electron microscopy. 

Ghactin1: Actin expression in cotton ovule culture is 
shown in FIGS. 22A and 22B. A strong band was detected in 
wild-type control fiber and psTRV1+psTRV2 control fiber, 
whereas no or weak signals were detected in the VIGS-Actin 
1 lines (FIGS. 27A, 27B). The results of real-time PCR 
revealed that the expression levels of the Ghactin 1 RNAi 
resulted in complete Ghactin 1 silence in lines VIGS-1, 
VIGS-2, VIGS-3, VIGS-4 and VIGS-5 (FIG. 28). The results 
of SEM suggested that the length of fibers was much shorter 
than that in psTRV1+psTRV2 at the same stages and the 
surface of trichome was rough and wrinkled (FIGS. 23A-11D 
and FIGS. 23E-23 H). All VIGS-Gh Actin 1 showed a short 
fiber phenotype and the reduction of Actin1 transcript levels, 
indicating that the phonetype was a result of the Actin 1 

Primers Used in Gene Specific Real-Time PCR Analysis 

Genes Primer (SEQ ID NO: ) 

Ghactin 1 5'-ATATTCTAGAAGAAGAACTATGAGTTGCCT-3" (forward) (32) 
5'-ATGGGATCCCGTAGAGATCCTTCCTGATAT-3 '' (reverse) (33) 

GhADF 1 5'-TATCTGTGGATTCTTATGGGGTATGTGTGT-3" (forward) (34) 
5'-AGACCTTCTAACTTGATAACCAAATCTTTG-3" (reverse) (35) 

GhCTR 1 5'-TGAATCCTCAAGTGGCTGCCATTATTGAGG-3 (forward) (36 
5'- GCATGTACCCTTGGGAAGCATATAATGTTA-3" (reverse) (37) 

GhDELLA. 1 5'- GCAGTTGGAGGAGGTTATGTGTAATGTTCA-3" (forward) (38) 
5'-TCCGATTGATGTTGTCGAAATCCAACGTCG-3" (reverse) (39) 

GhAlpha-tubulin 1 5' - TCATTTCAGCTGAGAAGGCTTACCATGAGC-3 '' (forward) (40) 
5'-TGGTAGTTGATACCGCACTTGAATCCAGTA-3" (reverse) (41) 

GhBeta-tubulin 1 5'-ATGATGTGCGCGGCTGATCCTCGTCA-3 '' (forward) (42) 
5'- CATCTCTTGTATCGATGTCGAGTTCC-3 '' (reverse) (43) 

GhMADS 9 5'-TGCTGATGGATATAGTTTAGTCGTGA-3 '' (forward) (44) 
5'-ACAACTTTCTAAGTAGCAGAAAGAAG-3 (reverse) (45) 

GhMYB 5 5'- GTGGTCGAAAATTGCACAACACTTGCCTGG-3 (forward) (46 
5'- GCTTATGTTGCTGATACGATCATTGTAGGT-3" (reverse) (47) 

GhMYB 6 5'-AGATGGATAAATTACTTAAGACCAGATATC-3 (forward) (48) 
5'-ATCTACCAGCTATCAGTGACCACCTAACAC-3 '' (reverse) (49) 

GhTubulin 5'- GATGTMTGCCCAAGGATGTTAATGC-3 (forward) (5O) 
5'-ATGAGATCAAACTTGTGGTCAATGCG-3 (reverse) (51) 

GhUbiquitin s" - CTGAATCTTCGCTTTCACGTTATC-3 (forward) (52) 
5' - GGGATGCAAATCTTCGTGAAAAC-3 (reverse) (53) 

Example 8 

Function of Cotton Genes in Fiber Development 

To test the function of cotton genes in fiber development, 
we chose Ghactin 1, GhaDF 1, GhcTR 1, GhDELLA 1, 
Gh Alpha-tubulin 1, GhBeta-tubulin 1, GhMADS9, GhMBY 
5 and GhMBY6. VIGS (virus-induced gene silencing) 
approaches using RNAi technology were employed. The 
500-650 bp fragment of a candidate gene was constructed into 
a vector comprising a chemically synthesized tobacco rattle 
virus (STRV) RNA2 sequence to produce a modified sTRV2 

60 

vector. To understand whether the reduced mRNAs of all of 65 
the candidate genes, we analyzed the expression levels of all 
the candidate genes in fiber by real-time quantitative SYBR 

reduction caused by Ghactin 1 silence. These data Suggest 
that Ghactin 1 is one of the dominant and functional gene in 
fiber elongation. 
Gh ADF 1: The results of real-time PCR revealed that the 

expression levels of the GhaDF1 RNAi resulted in complete 
GhADF1 silence in lines VIGS-1, VIGS-2, VIGS-3, VIGS-4 
and VIGS-5 (FIG. 29). The results of SEM showed that the 
length of fibers was same as psTRV1+psTRV2 at the same 
stages (FIGS. 23A-23D and FIGS. 231-23L). Although all 
VIGS-GhaDF 1 showed the reduction of ADF 1 transcript 
levels, the length of fibers was not any changed. These data 
suggest that GhaDF 1 is not related with the fiber elongation. 
Gho TR 1: The results of real-time PCR revealed that the 

expression levels of the GhcTR 1 RNAi resulted in complete 
GhCTR 1 silence in lines VIGS-1, VIGS-2, VIGS-3, VIGS-4 
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and VIGS-5 (FIG.30). The results of SEM suggested that the 
length of fibers was much shorter than that in psTRV1+ 
psTRV2 at the same stages (FIGS. 24A and 24B). All VIGS 
GhCTR 1, showed a short-fiber phenotype and the reduction 
of CTR 1 transcript levels, indicating that the phenotype was 
a result of the CTR 1 reduction caused by Gho TR 1 silence. 
These data suggest that GhCTR 1 is one of the dominant and 
functional gene in fiber elongation. 
GhDELLA 1: The results of real-time. PCR revealed that 

the expression levels of the GhDELLA 1 RNAi resulted in 
complete GhDELLA 1 silence in lines VIGS-1, VIGS-2, 
VIGS-3, VIGS-4 and VIGS-5 (FIG. 31). The results of SEM 
showed that the length of fibers was same as psTRV1+ 
psTRV2 at the same stages (FIGS. 24A and 24C). Although 
all VIGS-GhDELLA 1 showed the reduction of DELLA 1 
transcript levels, the length of fibers was not any changed. 
These data suggest that GhDELLA 1 is not related with the 
fiber elongation. 

Ghalpha-tubulin 1: The results of real-time PCR revealed 
that the expression levels of the Ghalpha-tubulin 1 RNAi 
resulted in complete Ghalpha-tubulin 1 silence in lines 
VIGS-1, VIGS-2, VIGS-3, VIGS-4 and VIGS-5 (FIG. 32). 
The results of SEM suggested that the length of fibers was 
shorter than that in psTRV1+psTRV2 at the same stages and 
the surface of trichome was rough and wrinkled (FIGS. 25A 
and 25B). All VIGS-Ghalpha-tubulin 1 showed a short-fiber 
phenotype and the reduction of Alpha-tubulin 1 transcript 
levels, indicating that the phenotype was a result of the Alpha 
tubulin 1 reduction caused by Ghalpha-tubulin 1 silence. 
These data suggest that Ghalpha-tubulin 1 is one of the 
dominant and functional gene in fiber elongation. 

GhBeta-tubulin 1: The results of real-time PCR revealed 
that the expression levels of the GhBeta-tubulin 1 RNAi 
resulted in complete GhBeta-tubulin 1 silence in lines VIGS 
1, VIGS-2, VIGS-3, VIGS-4 and VIGS-5 (FIG. 33). The 
results of SEM suggested that the length offibers was shorter 
than that in psTRV 1+psTRV2 at the same stages and the 
surface of trichome was rough and wrinkled (FIGS. 25A and 
25C). All VIGS-GhBeta-tubulin 1 showed a short-fiber phe 
notype and the reduction of Beta-tubulin 1 transcript levels, 
indicating that the phenotype was a result of the Beta-tubulin 
1 reduction caused by GhBeta-tubulin 1 silence. These data 
Suggest that GhBeta-tubulin 1 is one of the dominant and 
functional genes in fiber elongation. 
GhMADS 9: The results of real-time PCR revealed that the 

expression levels of the GhMADS 9 RNAi resulted in com 
plete GhMADS9 silence in lines VIGS-1, VIGS-2, VIGS-3, 
VIGS-4 and VIGS-5 (FIG.34). The results of SEM suggested 
that the length of fibers was longer than that in psTRV1+ 
psTRV2 at the same stages (FIGS. 26A and 26B). All VIGS 
GhMADS 9 showed a long-fiber phenotype and the reduction 
of MADS 9 transcript levels, indicating that the phenotype 
was a result of the MADS9 reduction caused by GhMADS 9 
silence. These data suggest that GhMADS 9 is one of the 
negative regulator in fiber elongation. 
GhMYB 5: The results of real-time PCR revealed that the 

expression levels of the GhMYB5 RNAi resulted in complete 
GhMYB5 silence in lines VIGS-1, VIGS-2, VIGS-3, VIGS-4 
and VIGS-5 (FIG. 35). The results of SEM showed that the 
length of fibers was same as psTRV1+psTRV2 at the same 
stages (FIGS. 26 A and 26C). Although all VIGS-GhMYB5 
showed the reduction of MYB 5 transcript levels, the length 
of fibers was not any changed. These data Suggest that 
GhMYB 5 is not related with the fiber elongation. 
GhMYB 6: The results of real-time PCR revealed that the 

expression levels of the GhMYB 6 RNAi resulted in complete 
GhMYB 6 silence in lines VIGS-1, VIGS-2, VIGS-3, VIGS-4 
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and VIGS-5 (FIG. 36). The results of SEM showed that the 
length of fibers was same as psTRV1+psTRV2 at the same 
stages (FIGS. 26A and 26D). Although all VIGS-GhMYB 6 
showed the reduction of MYB 6 transcript levels, the length 
of fibers was not any changed. These data Suggest that 
GhMYB 6 is not related with the fiber elongation. 
The use of the terms 'a' and “an and “the' and similar 

referents in the context of describing the invention (especially 
in the context of the following claims) are to be construed to 
cover both the singular and the plural, unless otherwise indi 
cated herein or clearly contradicted by context. The terms 
“comprising.” “having.” “including.” and “containing” are to 
be construed as open-ended terms (i.e., meaning “including, 
but not limited to.”) unless otherwise noted. Recitation of 
ranges of values herein are merely intended to serve as a 
shorthand method of referring individually to each separate 
value falling within the range, unless otherwise indicated 
herein, and each separate value is incorporated into the speci 
fication as if it were individually recited herein. For example, 
if the range 10-15 is disclosed, then 11, 12, 13, and 14 are also 
disclosed. All methods described herein can be performed in 
any suitable order unless otherwise indicated herein or oth 
erwise clearly contradicted by context. The use of any and all 
examples, or exemplary language (e.g., “such as') provided 
herein, is intended merely to better illuminate the invention 
and does not pose a limitation on the scope of the invention 
unless otherwise claimed. No language in the specification 
should be construed as indicating any non-claimed element as 
essential to the practice of the invention. 

It will be appreciated that the methods and compositions of 
the instant invention can be incorporated in the form of a 
variety of embodiments, only a few of which are disclosed 
herein. Embodiments of this invention are described herein, 
including the best mode known to the inventors for carrying 
out the invention. Variations of those embodiments may 
become apparent to those of ordinary skill in the art upon 
reading the foregoing description. The inventors expect 
skilled artisans to employ Such variations as appropriate, and 
the inventors intend for the invention to be practiced other 
wise than as specifically described herein. Accordingly, this 
invention includes all modifications and equivalents of the 
Subject matter recited in the claims appended hereto as per 
mitted by applicable law. Moreover, any combination of the 
above-described elements in all possible variations thereof is 
encompassed by the invention unless otherwise indicated 
herein or otherwise clearly contradicted by context. 
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<16 Os NUMBER OF SEO ID NOS: 82 

<21 Os SEQ ID NO 1 
&211s LENGTH: 17164 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: sequence of synthetic psTRV1001 vector 

<4 OOs SEQUENCE: 1 

citcgaatttic ccc.gatcgtt caaacatttg gcaataaagt ttcttaagat tdaatcctgt 60 

tgc.cggit citt gcigatgatta toatataatt totgttgaat tacgittaagc atgtaataat 12O 

taa catgitaa togcatgacgt tatt tatgag atgggtttitt atgattagag toccgcaatt 18O 

ata catttaa tacgcgatag aaaacaaaat at agcgc.gcaaactaggata aattatcgcg 24 O 

cgcggtgtca totatgttac tagat.cggga attcactggc cgt.cgttitta caacgt.cgtg 3 OO 

actgggaaaa cc ctdgcgtt acccaactta atcqccttgc agcacatc.cc cctitt.cgc.ca 360 

gctggcgitaa tagcgaagag gcc.cgcaccg at CCCCtt C ccaa.cagttg cgcago Ctga 42O 

atgg.cgc.ccg ct cottt cqc tittct tcc.ct tcct ttct cq ccacgttcgc cqgctitt.ccc 48O 

cgt Caagctic taaatcgggg gCtcc ctitta gggttc.cgat ttagtgctitt acggcacctic 54 O 

gaccc.caaaa aacttgattt gggtgatggit to acgtagtg ggcc at CCC ctgatagacg 6 OO 

gtttitt.cgcc ctittgacgtt ggagt ccacg ttctittaata gtggactictt gttccaaact 660 

ggaacaacac to aacco tat ct cqggctat tottttgatt tataagggat tttgc.cgatt 72O 

toggalaccac catcaaacag gattitt.cgcc tictggggca aaccagcgtg gaccgcttgc 78O 





















TYPE: DNA 

59 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 7 
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aatgaatcct tttct cacct gttcaaaattig atataaaaaa ta 

SEQ ID NO 
LENGTH: 43 
TYPE: DNA 

8 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 8 

ttatat caat tittgacaggt gagaaaagga t t cattcctg ttg 

cctacatgta caa.ccctgat atgtatt 

attatctaga aattgaaaga agaagtgagg 

tattggat.cc caggaagttc atctatocat 

ataattictag agggggactg tttctggtgg catg 

SEQ ID NO 
LENGTH: 27 
TYPE: DNA 

9 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 

SEQ ID NO 
LENGTH: 30 
TYPE DNA 

9 

10 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 

SEQ ID NO 
LENGTH: 30 
TYPE: DNA 

10 

11 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 

SEQ ID NO 
LENGTH: 34 
TYPE: DNA 

11 

12 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 

SEQ ID NO 
LENGTH: 25 
TYPE: DNA 

12 

13 

ORGANISM: Artificial 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 13 

42 

43 

27 

3 O 

3 O 

34 

60 





aatc.cgtc.tt 

tagaac agct 

acataaagag 

agaaacttitt 

ttctaacggg 

accttggctt 

tittaagctta 

gaggatgtc.c 

tagtgagaac 

actic gaatca 

cgaggcticta 

acaactggag 

ggctgcaaag 

tgtggagc ct 

ctgcattgtt 

gatgggacac 

< 4 OOs 

caa.gctaaac 

aaaagactgg 

aag catalaga 

gcc.gaaaaaa 

ggttitt ctitc 

totaattic Ca 

tot CCCtcaa. 

gaaact agcc 

ctgctgat at 

gttgcacata 

gaaaaggctt 

agggalaga.gc 

gggctaagaa 

catttgcatc 

aatgggcagt 

tittgatgata 

tctgaatggg 

SEQ ID NO 18 
LENGTH: 353 
TYPE : 
ORGANISM: 

PRT 

SEQUENCE: 18 

63 

acggcaacaa 

gCaagttggtg 

cggttgagcc 

tag taaaa.ca 

atact gaccc 

gcaatgcgt.c 

cggtggcagc 

Ctgttittggg 

ctgaattgat 

gaaaggaagc 

cc.cgtaaaag 

agalagagtac 

gagatgcgga 

tgaccaagtt 

gagcaaagat 

t to to tact a 

aaaggtagca 

Met Lys Glu Arg Glin Arg Trp Arg 
1. 

Ala 

Arg 

Trp 

Glu 
65 

Trp 

Gly 

Glu 

Ile 

Ala 
145 

Pro 

Ser 

Tyr 

Met 

Asn 
SO 

Glu 

Luell 

13 O 

Phe 

Ser 

Asn 

Wall 

Asn 
35 

Asn 

Glin 

Trp 

His 
115 

Glu 

Pro 

Pro 

Ala 

5 

Lys Glin Tyr Gly Pro 

Thr Pro Lieu. Asn Arg 
4 O 

Tyr Lieu Lys Pro Gly 
55 

Arg Lieu Val Ile Arg 
70 

Ile Ala Ala Glu Wall 
85 

Trp. Glu Val Phe Lys 

Lys Thr Val Glu Pro 
12 O 

Thr Phe Ala Glu Lys 
135 

Met Ala Ala Ser Asn 
150 

Ala Pro Pro Thir Lieu. 
1.65 

Ser Wal Wall. Thir Pro 
18O 

atggaagaaa 

ggagg tatt c 

agt caggaa 

gggc.cat agc 

accitt Cacct 

cgttgtcaca 

tgctic ccc.ca 

aaac agggtg 

ggactgctgc 

ggCCtggagg 

gaagaagatg 

acttgataga 

agcgaaggag 

t cittgaacaa 

gattitat caa 

tagaagttcta 

ttagc cctat 

Gossypium herbaceum 

Ala Glu Glu 
1O 

Arg Glu Trp 
25 

Asp Ala Lys 

Ile Llys Llys 

Lieu. Glin Ala 
7s 

Pro Gly Arg 
90 

Glu Lys Glin 
105 

Wall Glu Glu 

Ile Val Lys 

Gly Gly Phe 
155 

Leul Pro Pro 

17O 

Pro Ser Pro 

185 
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attgcagctgaagtic cctgg 

aaggaga agc 

ggaaagtacg 

t cago ctitt c 

gcaccaccala 

ccacct tcc c 

atc.ccgtggc 

c cc catggat 

agacagctgg 

ttalagaaggg 

gaagaaatag 

atcgaagctg 

caaaaattag 

acggggtgca 

gcqtctic citt 

tittatagttg 

Ctttgttgtt 

Asp 

Asn 

Ser 

Gly 
6 O 

Thir 

Glin 

Gly 

Glin 
14 O 

Lell 

Trp 

Ser 

Ala 

Lell 

Cys 
45 

Ser 

His 

Ala 

Arg 

Lys 
125 

Gly 

His 

Lell 

Wall 

Luell 

Wall 

Luell 

Luell 

Gly 

Glu 
11 O 

His 

Thir 

Ser 

Thir 
19 O 

aacaaaggga 

ataggatatt 

c catggctgc 

citt tact tcc. 

cittctgttgac 

tgcaacctga 

cattt cotcg 

aagatgggcg 

tagagttaca 

agt caaagat 

aat at aggga 

cggagcaatg 

gacccagggit 

t caacagact 

gtttittctag 

Lieu. Cys 
15 

Ser His 

Glu Arg 

Thr Glu 

Asn Lys 
8O 

Arg Lieu. 
95 

His Lys 

Asp Arg 

Ser Ser 

Asp Pro 
160 

Asn. Ser 

17s 

Luell Ser 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

14 O 

2OO 

26 O 

32O 

44 O 

489 

64 
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Lieu. Ser Pro Ser Thr Val Ala Ala Ala Pro Pro Ile Pro Trp Leu Gln 
195 2OO 2O5 

Pro Glu Arg Met Ser Glu Thir Ser Pro Val Lieu. Gly Asn Arg Val Pro 
21 O 215 22O 

His Gly Ser Phe Pro Arg Ser Glu Asn Lieu. Lieu. Ile Ser Glu Lieu Met 
225 23 O 235 24 O 

Asp Cys Cys Arg Glin Lieu. Glu Asp Gly Arg Arg Ala Trp Val Ala His 
245 250 255 

Arg Lys Glu Ala Ala Trp Arg Lieu. Arg Arg Val Glu Lieu. Glin Lieu. Glu 
26 O 265 27 O 

Ser Glu Lys Ala Ser Arg Lys Arg Llys Llys Met Glu Glu Ile Glu Ser 
27s 28O 285 

Lys Ile Glu Ala Lieu. Arg Glu Glu Glin Llys Ser Thr Lieu. Asp Arg Ile 
29 O 295 3 OO 

Glu Ala Glu Tyr Arg Glu Gln Lieu. Glu Gly Lieu. Arg Arg Asp Ala Glu 
3. OS 310 315 32O 

Ala Lys Glu Glin Llys Lieu Ala Glu Gln Trp Ala Ala Lys His Lieu. His 
3.25 330 335 

Lieu. Thir Lys Phe Lieu. Glu Glin Thr Gly Cys Arg Pro Arg Val Val Glu 
34 O 345 35. O 

Pro 

<210s, SEQ ID NO 19 
&211s LENGTH: 367 
212. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs, SEQUENCE: 19 

Met Lys Glu Arg Glin Arg Trp Ser Gly Glu Glu Asp Ala Lieu. Lieu. Arg 
1. 5 1O 15 

Ala Tyr Val Arg Glin Phe Gly Pro Arg Glu Trp His Leu Val Ser Glu 
2O 25 3O 

Arg Met Asn Llys Pro Lieu. Asn Arg Asp Ala Lys Ser Cys Lieu. Glu Arg 
35 4 O 45 

Trp Lys Asn Tyr Lieu Lys Pro Gly Ile Llys Lys Gly Ser Lieu. Thr Glu 
SO 55 6 O 

Glu Glu Glin Arg Lieu Val Ile Arg Lieu. Glin Glu Lys His Gly Asn Lys 
65 70 7s 8O 

Trp Llys Lys Ile Ala Ala Glu Val Pro Gly Arg Thr Ala Lys Arg Lieu. 
85 90 95 

Gly Lys Trp Trp Glu Val Phe Lys Glu Lys Glin Glin Arg Glu Glu Lys 
1OO 105 11 O 

Glu Ser Asn Lys Arg Val Glu Pro Ile Asp Glu Ser Llys Tyr Asp Arg 
115 12 O 125 

Ile Lieu. Glu Ser Phe Ala Glu Lys Lieu Val Lys Glu Arg Ser Asn Val 
13 O 135 14 O 

Wall Pro Ala Ala Ala Ala Ala Ala Thr Wal Wal Met Ala Asn. Ser Asn 
145 150 155 160 

Gly Gly Phe Lieu. His Ser Glu Gln Glin Val Glin Pro Pro Asn Pro Val 
1.65 17O 17s 

Ile Pro Pro Trp Lieu Ala Thir Ser Asn. Asn Gly Asn. Asn Val Val Ala 
18O 185 19 O 

Arg Pro Pro Ser Val Thr Lieu. Thir Lieu Ser Pro Ser Thr Val Ala Ala 
195 2OO 2O5 
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Ala Ala Pro Gln Pro Pro Ile Pro Trp Leu Gln Glin Glin Gln Pro Glu 
21 O 215 22O 

Arg Ala Glu Asn Gly Pro Gly Gly Lieu Val Lieu. Gly Ser Met Met Pro 
225 23 O 235 24 O 

Ser Cys Ser Gly Ser Ser Glu Ser Val Phe Leu Ser Glu Lieu Val Glu 
245 250 255 

Cys Cys Arg Glu Lieu. Glu Glu Gly His Arg Ala Trp Ala Asp His Lys 
26 O 265 27 O 

Lys Glu Ala Ala Trp Arg Lieu. Arg Arg Lieu. Glu Lieu Gln Lieu. Glu Ser 
27s 28O 285 

Glu Lys Thr Cys Arg Glin Arg Glu Lys Met Glu Glu Ile Glu Ala Lys 
29 O 295 3 OO 

Met Lys Ala Lieu. Arg Glu Glu Glin Lys Asn Ala Met Glu Lys Ile Glu 
3. OS 310 315 32O 

Gly Glu Tyr Arg Glu Gln Lieu Val Gly Lieu. Arg Arg Asp Ala Glu Ala 
3.25 330 335 

Lys Asp Gln Lys Lieu Ala Asp Glin Trp Thir Ser Arg His Ile Arg Lieu. 
34 O 345 35. O 

Thir Lys Phe Lieu. Glu Glin Gln Met Gly Cys Arg Lieu. Asp Arg Pro 
355 360 365 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 363 
212. TYPE: PRT 

<213> ORGANISM: Nicotiana tabacum 

< 4 OO SEQUENCE: 2O 

Met Arg Glu Arg Glin Arg Trp Arg Ser Glu Glu Asp Ala Lieu. Lieu. Arg 
1. 5 1O 15 

Ala Tyr Val Lys Glin Tyr Gly Pro Lys Glu Trp His Leu Val Ser Glin 
2O 25 3O 

Arg Met Asn. Thir Ala Lieu. Asn Arg Asp Ala Lys Ser Cys Lieu. Glu Arg 
35 4 O 45 

Trp Lys Asn Tyr Lieu Lys Pro Gly Ile Llys Lys Gly Ser Lieu. Thr Glin 
SO 55 6 O 

Glu Glu Glin Arg Lieu Val Ile His Lieu. Glin Ala Lys His Gly Asn Lys 
65 70 7s 8O 

Trp Llys Lys Ile Ala Ala Glu Val Pro Gly Arg Thr Ala Lys Arg Lieu. 
85 90 95 

Gly Lys Trp Trp Glu Val Phe Lys Glu Lys Glin His Arg Glu Gln Lys 
1OO 105 11 O 

Glu Asn. Asn Llys Val Val Asp Pro Val Asp Glu Gly Llys Tyr Asp His 
115 12 O 125 

Ile Lieu. Glu Thir Phe Ala Glu Lys Ile Val Lys Glu Arg Ser Val Pro 
13 O 135 14 O 

Gly Lieu. Lieu Met Ala Thir Ser Asn Gly Gly Phe Lieu. His Ala Asp Ala 
145 150 155 160 

Pro Ala Pro Ser Pro Gln Thr Lieu. Leu Pro Pro Trp Leu Ser Asn Ser 
1.65 17O 17s 

Thr Ala Thr Ser Thr Val Arg Ser Pro Ser Pro Ser Val Thr Lieu Ser 
18O 185 19 O 

Lieu. Ser Pro Ser Thr Val Pro Pro Thr Pro Thr Pro Thr Pro Gly Ile 
195 2OO 2O5 

Pro Trp Lieu. Glin Thr Asp Arg Gly Pro Glu Asn Ala Pro Lieu. Ile Lieu. 
21 O 215 22O 



Ser 
225 

Phe 

Arg 

Wall 

Met 

Ala 
3. OS 

Lell 

Ala 

Glin 

< 4 OOs 

Ser 

Wall 

Ala 

Glu 

Glu 
29 O 

Thir 

Arg 

Ser 

Ser 

Phe 

Thir 

Trp 

Luell 

Glu 

Luell 

Arg 

Arg 
355 

Pro 

Glu 

Ala 
26 O 

Glin 

Ile 

Asp 

Asp 

His 
34 O 

Luell 

PRT 

SEQUENCE: 

Met Lys Asp Llys 
1. 

Ala 

Arg 

Trp 

Glu 
65 

Trp 

Gly 

Glin 

Met 

Phe 
145 

Glu 

Pro 

Asp 

Glu 

Ser 

Tyr 

Met 

Lys 
SO 

Glu 

Arg 

Phe 
13 O 

Ser 

Ser 

Pro 

Luell 

Luell 
21 O 

Luell 

Wall 

Ala 
35 

Asn 

Glin 

Arg 

Trp 

His 
115 

Thir 

Glin 

Thir 

Luell 
195 

Pro 

Ser 

Lys 

Thir 

Tyr 

Asn 

Ile 

Trp 

Glin 

Gly 

Ser 
18O 

Pro 

Ser 

Luell 

His 

Lell 
245 

Ala 

Lell 

Glu 

Arg 

Ala 
3.25 

Lell 

Ala 

SEQ ID NO 21 
LENGTH: 
TYPE : 
ORGANISM: Selaginella 

21 

5 

Glin 

Pro 

Lell 

Lell 

Ala 
85 

Glu 

Arg 

Glin 

Ala 

Arg 
1.65 

Ser 

Ala 

Lell 

Asp 

His 
23 O 

Wall 

His 

Glu 

Ala 

Ile 
310 

Glu 

Arg 

Glu 

Arg 

Tyr 

Lell 

Wall 
70 

Ala 

Wall 

Ile 

Thir 

Glu 
150 

Asn 

Glu 

Trp 

Met 

Ser 

69 

Gly 

Glu 

Ser 

Lys 
295 

Glu 

Ala 

Lell 

Pro 

Trp 

Gly 

Asp 

Pro 
55 

Ile 

Glu 

His 

Glin 

Wall 
135 

Wall 

Glu 

Pro 

Ala 
215 

Gly 

Wall 

Glu 
28O 

Met 

Ala 

Ser 

Asn 
360 

Ala 

Glu 
265 

Glu 

Glu 

Lys 
345 

Gly 

Pro 

Lys 
250 

Ala 

Ile 

Ala 

Tyr 

Glin 
330 

Phe 

Gly 

kraussiana 

Gln 

Pro 

Arg 
4 O 

Gly 

Arg 

Wall 

Thir 
12 O 

Ala 

Wall 

Pro 

Wall 

Pro 

Pro 

Ala 

Pro 

Asn 
25 

Asp 

Luell 

Luell 

Pro 

Glu 
105 

Gly 

Pro 

Ser 

Arg 

Luell 
185 

Ala 

Glu 

Glu 

Glu 
1O 

Asp 

Pro 

Glin 

Gly 
90 

Arg 

Wall 

Phe 

Ser 

Met 
17O 

Thir 

Pro 

Ala 

Ser 

Pro 
235 

Glu 

Ala 

Luell 

Lys 
315 

Lys 

Luell 

Arg 

Glu 

Trp 

Arg 

Glu 

Arg 

Arg 

His 

Ile 

Ser 
155 

ASn 

Luell 

Arg 

Ile 

Gly 
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Cys 

Lell 

Trp 

Arg 
3 OO 

Glu 

Lell 

Glu 

Asp 

Asn 

Ser 

Gly 
6 O 

Thir 

Glin 

Thir 

Pro 
14 O 

Ser 

Lell 

Gly 

Ala 

Met 

Asp 

Gly Glu Asn 

Asp 

Arg 

Wall 
285 

Glu 

Glin 

Ala 

Glin 

Ala 

Lell 

Cys 
45 

Pro 

Ala 

Ser 
125 

Pro 

Ala 

Pro 

Pro 

Ala 

Thir 

Glu 

Luell 
27 O 

Arg 

Glu 

Luell 

Glu 

Met 
35. O 

Luell 

Wall 

His 

Luell 

Gly 

Glu 
11 O 

His 

Ala 

Ser 

Ala 

Thir 
19 O 

Ser 

Pro 

Asp 

Gly 
255 

Arg 

Glu 

Glin 

Ala 

Glin 
335 

Gly 

Lieu 
15 

Ser 

Glu 

Ser 

Asn 

Arg 
95 

Ala 

Luell 

Glin 

Glu 

Ala 
17s 

Wall 

Thir 

Asn 

Thir 

Pro 
24 O 

His 

Arg 

Gly 
32O 

Trp 

Cys 

Glu 

Arg 

Glu 

Lys 

Luell 

Ile 

Ser 

Ser 

Gly 
160 

Phe 

Luell 

Ser 

Luell 

Gly 

70 



225 

Thir 

Asp 

Ile 

Trp 

Glin 
3. OS 

Glu 

Lell 

Arg 

Ser 
385 

Asn 

His 

Glu 

Pro 

Asn 
29 O 

Glin 

Wall 

Asp 

Asp 

Tyr 
37 O 

Ser 

Ser 

Phe 

Phe 

Luell 

Wall 

Luell 

Glu 

Ala 
355 

Asn 

Phe 

Pro 

Asn 

Cys 
26 O 

Luell 

Glin 

Glu 

Ser 

Luell 
34 O 

Glu 

His 

Ala 

PRT 

SEQUENCE: 

Met Lys Glu Arg 
1. 

Ala 

Arg 

Trp 

Glu 
65 

Trp 

Gly 

Glu 

Ile 

Ala 
145 

Asp 

Ser 

Tyr 

Met 

Lys 
SO 

Glu 

Ala 

Luell 
13 O 

Ala 

Pro 

Thir 

Wall 

Asn 
35 

Asn 

Glin 

Trp 

Asn 
115 

Glu 

Ala 

Ala 

Asn 

Lys 

Thir 

Tyr 

Arg 

Ile 

Trp 

Thir 

Wall 

Pro 

Ala 
18O 

Asn 
245 

Asn 

Gly 

Lys 
3.25 

Glu 

Lell 

Lell 

Gly 

SEQ ID NO 22 
LENGTH: 
TYPE : 
ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Consensus sequence 

349 

22 

Glin 
5 

Glin 

Pro 

Lell 

Lell 

Ala 
85 

Glu 

Phe 

Wall 

Ala 
1.65 

Ser 

23 O 

Asn 

Glu 

Lell 

Glu 
310 

Ile 

Lell 

Wall 

Pro 
390 

Arg 

Tyr 

Lell 

Wall 
70 

Ala 

Wall 

Wall 

Ala 

Met 
150 

Pro 

Lell 

71 

Ile 

Wall 

Asn 
295 

Arg 

Glin 

Asp 

Glu 

Lell 
375 

Ile 

Trp 

Gly 

Asn 

Pro 
55 

Ile 

Glu 

Phe 

Glu 

Glu 
135 

Ala 

Pro 

Wall 

Asn 

Lys 

Ala 

Ile 

Ala 

Glu 
360 

Met 

Phe 

Arg 

Pro 

Arg 
4 O 

Gly 

Arg 

Wall 

Pro 
12 O 

Ser 

Thir 

Ala 

Wall 

Ser 
265 

Glu 

Ala 

Glu 

Luell 

Ala 
345 

Phe 

Glin 

Ala 

Arg 
25 

Asp 

Ile 

Luell 

Pro 

Glu 
105 

Ile 

Ile 

Ser 

Luell 

Pro 
185 

Ser 
250 

Asp 

Luell 

Ser 

Arg 
330 

Glu 

Luell 

Glu 

Ala 

Glu 
1O 

Glu 

Ala 

Glin 

Gly 
90 

Asp 

Wall 

Asn 

Luell 
17O 

Ser 

235 

Thir 

Ile 

Glu 

Thir 

Arg 
315 

Lys 

Luell 

Wall 

Glin 

Ile 
395 

Glu 

Trp 

Lys 

Lys 

Glu 

Arg 

Glin 

Glu 

Lys 

Gly 
155 

Pro 

Pro 

US 8,853,493 B2 

- Continued 

Ile 

Ser 

Glu 

Lell 
3 OO 

Glu 

Wall 

Glu 

Thir 

Glin 

Ile 

Pro 

Asn 
285 

Arg 

Glin 

Glu 

Ala 

Ser 
365 

Met 

Met 

of SINS 

Asp 

Asn 

Ser 

Gly 
6 O 

Thir 

Glin 

Gly 

Glu 
14 O 

Gly 

Pro 

Ser 

Ala 

Lell 

Cys 
45 

Ser 

His 

Ala 

Arg 

Lys 
125 

Arg 

Phe 

Trp 

Wall 

Pro 

Gly 
27 O 

Glu 

Lys 
35. O 

Trp 

Glin 

Arg 

Lys 
255 

Glu 

Glu 

Luell 

Met 

Luell 
335 

Luell 

Ser 

Arg 

Gly 

18-21 

Luell 

Wall 

Luell 

Luell 

Gly 

Glu 
11 O 

Ser 

Luell 

Luell 

Thir 
19 O 

Luell 
15 

Ser 

Glu 

Thir 

Asn 

Arg 
95 

Glin 

Asp 

Ala 

His 

Ser 
17s 

Luell 

24 O 

Asp 

Luell 

Ser 

Luell 

Tyr 

Asp 

Luell 

Tyr 

Met 
4 OO 

Arg 

Glu 

Arg 

Glu 

Lys 

Luell 

Arg 

Ala 

Ser 
160 

Asn 

Ser 

72 



Lell 

Glin 

Ala 
225 

Glu 

Ala 

Lell 

Arg 
3. OS 

Lell 

< 4 OOs 

aga 
Arg 
1. 

agc 
Ser 

atc. 
Ile 

tgc 
Cys 

Cat 
His 
65 

gct 
Ala 

tac 

Cala 

Glin 

att 

Ile 

act 

Ser 

Asp 
21 O 

Pro 

Luell 

Trp 

Arg 
29 O 

Glu 

Luell 

Glu 

gala 
Glu 

citt 
Luell 

acc 

Thir 

gala 
Glu 
SO 

citt 
Luell 

citc. 
Luell 

13 O 

gct 

Pro 
195 

Arg 

Ser 

Glu 

Arg 

Lys 
27s 

Glu 

Glin 

Ala 

Glin 

to a 
Ser 

tac 

citt 
Luell 
35 

titt 
Phe 

gga 
Gly 

cag 
Glin 

cott 

Pro 

ttg 
Luell 
115 

cc c 

Pro 

ttic 

Ser 

Ala 

Glu 

Glu 

Luell 
26 O 

Arg 

Glu 

Luell 

Glu 

Thir 
34 O 

FEATURE; 
NAME/KEY: 
LOCATION: 

SEQUENCE: 

tat 

Tyr 

acc 

Thir 
2O 

att 
Ile 

aga 
Arg 

citc. 
Luell 

gtt 
Wall 

gtt 
Wall 
1OO 

ggt 
Gly 

aca 

Thir 

att 

Thir 

Glu 

Asn 

Gly 
245 

Arg 

Glu 

Glin 

Ala 

Glin 
3.25 

Gly 

SEQ ID NO 23 
LENGTH: 
TYPE: DNA 
ORGANISM: 

2329 

Wall 

Asn 

Lell 
23 O 

His 

Arg 

Gly 
310 

Trp 

73 

Ala 

Gly 
215 

Phe 

Arg 

Lell 

Met 

Ala 
295 

Lell 

Ala 

Arg 

Ala 

Pro 

Luell 

Ala 

Glu 

Glu 
28O 

Thir 

Arg 

Ser 

Arg 

Ala 

Wall 

Ser 

Trp 

Luell 
265 

Glu 

Luell 

Arg 

Luell 
345 

Gossypium herbaceum 

CDS 

(1) ... (2328) 

23 

citt 
Lell 

gct 
Ala 

gat 
Asp 

gtt 
Wall 

titt 
Phe 

citt 
Lell 
85 

ggc 
Gly 

gag 
Glu 

Cag 
Glin 

gag 

gga 
Gly 

999 
Gly 

gat 
Asp 

gtg 
Wall 

Ctg 
Lell 
70 

gac 
Asp 

Arg 

gga 
Gly 

atg 
Met 

C Ca 

aag 
Lys 

cott 
Pro 

gat 
Asp 

atc. 
Ile 
55 

Cala 

Glin 

att 
Ile 

toa 

Ser 

ata 

Ile 

gga 
Gly 
135 

ttg 

CaC 

His 

citc. 
Luell 

gat 
Asp 
4 O 

a.a.a. 

999 
Gly 

gtt 
Wall 

ttic 

Phe 

gala 
Glu 
12 O 

Cta 

Luell 

CC a 

citt 
Luell 

cott 
Pro 
25 

999 
Gly 

Ctg 
Luell 

aag 
Lys 

citt 
Luell 

tac 

Tyr 
105 

agc 
Ser 

to a 

Ser 

gtt 

Pro 

Ile 

Glu 

Ala 
250 

Glin 

Ile 

Asp 

Asp 

His 
330 

Glu 

cott 
Pro 
1O 

titt 
Phe 

tog 
Ser 

gct 
Ala 

Cala 

Glin 

cgt 
Arg 
90 

to a 

Ser 

tgg 
Trp 

Ctg 
Luell 

att 

Pro 

Gly 

Luell 
235 

Ala 

Luell 

Glu 

Lys 

Ala 
315 

Luell 

Pro 

gct 
Ala 

gtg 
Wall 

gga 
Gly 

gca 
Ala 

gct 
Ala 
7s 

gaa 
Glu 

cott 

Pro 

cgt. 
Arg 

aat 

ASn 

gat 

US 8,853,493 B2 
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Pro 

Ser 
22O 

Wall 

His 

Glu 

Ala 

Ile 
3 OO 

Glu 

Arg 

Asn 

tat 

toa 
Ser 

atg 
Met 

cgt 
Arg 
6 O 

gat 
Asp 

tta 
Lell 

gac 
Asp 

ggc 
Gly 

att 

Ile 
14 O 

titt 

Ile 
2O5 

Met 

Glu 

Ser 

Lys 
285 

Glu 

Ala 

Lell 

Gly 

gat 
Asp 

aag 
Lys 

Cala 

Glin 
45 

gct 
Ala 

gca 
Ala 

cott 
Pro 

Cta 

Lell 

tto 

Phe 
125 

gat 
Asp 

gta 

Pro 

Pro 

Glu 
27 O 

Ile 

Ala 

Thir 

ggt 
Gly 

gag 
Glu 
3O 

aga 
Arg 

gat 
Asp 

cott 
Pro 

act 
Thir 

999 
Gly 
11 O 

tac 

atg 
Met 

aca 

Trp 

His 

Glu 
255 

Glu 

Glu 

Lys 
335 

cga 
Arg 
15 

titt 
Phe 

aga 
Arg 

Ctg 
Luell 

cag 
Glin 

acc 

Thir 
95 

aga 
Arg 

Cala 

Glin 

tot 

Ser 

Cala 

Luell 

Cys 

Lys 
24 O 

Ala 

Ile 

Ala 

Tyr 

Glin 
32O 

Phe 

aag 
Lys 

agg 
Arg 

gag 
Glu 

Cat 
His 

gala 
Glu 
8O 

agg 
Arg 

aag 
Lys 

agc 
Ser 

tot 

Ser 

ttg 

48 

96 

144 

192 

24 O 

288 

336 

384 

432 

74 





citt 
Lell 
465 

agc 
Ser 

999 
Gly 

citt 
Lell 

cott 
Pro 

tot 
Ser 
5.45 

Cala 

Glin 

gat 
Asp 

ata 
Ile 

tac 

gaa 
Glu 
625 

Cag 
Glin 

ttg 
Lell 

aat 

Asn 

gag 
Glu 

cgt 
Arg 
7 Os 

gat 
Asp 

gct 
Ala 

gga 
Gly 

ggt 
Gly 

a.a.a. 

gga 
Gly 

gt C 
Wall 

CaC 

His 
53 O 

Cala 

Glin 

gct 
Ala 

cott 
Pro 

tot 
Ser 

aga 
Arg 
610 

citt 
Luell 

cott 
Pro 

titt 
Phe 

att 

Ile 

titt 

Phe 
69 O. 

CC a 

Pro 

gca 
Ala 

aca 

Thir 

gca 
Ala 

to a 

Ser 
770 

att 
Ile 

Cala 

Glin 

aga 
Arg 

agt 
Ser 
515 

cott 
Pro 

gat 
Asp 

Cat 
His 

gca 
Ala 

ttic 
Phe 
595 

gat 
Asp 

gat 
Asp 

cott 
Pro 

gct 
Ala 

ttg 
Luell 
675 

gac 
Asp 

gct 
Ala 

tta 

Luell 

cga 
Arg 

ttic 

Phe 
7ss 

atg 
Met 

gtt 
Wall 

tat 

Tyr 

aat 
Asn 
SOO 

gac 
Asp 

999 
Gly 

tgg 
Trp 

cga 
Arg 

agg 
Arg 

cga 
Arg 

ggit 
Gly 

gct 
Ala 

gtt 
Wall 

aac 

Asn 
660 

cott 

Pro 

ttic 

Phe 

Cat 

His 

cag 
Glin 

to a 

Ser 
740 

cga 
Arg 

aca 

Thir 

t cc 
Ser 

ttg 
Lell 
485 

act 
Thir 

cgt 
Arg 

gag 
Glu 

C Ca 

Pro 

Cag 
Glin 
565 

999 
Gly 

cga 
Arg 

gtc 
Wall 

att 
Ile 

a Ca 

Thir 
645 

aat 
Asn 

ggc 
Gly 

tac 

Tyr 

tac 

Tyr 

tot 

Ser 
72 

gtg 
Wall 

gct 
Ala 

agt 
Ser 

Cag 
Glin 
470 

gcc 
Ala 

gtt 
Wall 

cc.g 
Pro 

gat 
Asp 

gag 
Glu 
550 

gag 
Glu 

act 
Thir 

gcc 
Ala 

agc 
Ser 

cgt 
Arg 
630 

titt 
Phe 

Cat 
His 

act 

Thir 

tta 

Lell 

Cat 

His 
71O 

citt 

Lell 

tot 

Ser 

cgc 
Arg 

ggc 
Gly 

77 

tgc 
Cys 

aat 
Asn 

citt 
Lell 

act 
Thir 

toa 
Ser 
535 

gtt 
Wall 

citc. 
Lell 

gtt 
Wall 

act 
Thir 

gaa 
Glu 
615 

aag 
Lys 

gtt 
Wall 

aat 
Asn 

gtg 
Wall 

tgc 
Cys 
695 

gtg 
Wall 

a Ca 

Thir 

att 

Ile 

titt 

Phe 

cott 

Pro 
775 

tgc 
Cys 

gtg 
Wall 

gtt 
Wall 

at a 
Ile 
52O 

agc 
Ser 

aca 

Thir 

at C 
Ile 

tot 
Ser 

gga 
Gly 

93C 
Gly 

gca 
Ala 

gtg 
Wall 

gat 
Asp 

gtg 
Wall 
68O 

agc 
Ser 

Cta 

Luell 

aat 

Asn 

gtt 
Wall 

tat 

Tyr 
760 

gca 
Ala 

ttg 
Luell 

gca 
Ala 

gat 
Asp 
505 

att 
Ile 

cott 
Pro 

aag 
Lys 

Cala 

Glin 

ggt 
Gly 
585 

cag 
Glin 

Cag 
Glin 

tgt 
Cys 

gtg 
Wall 

cgc 
Arg 
665 

gac 
Asp 

Cat 

His 

tgg 
Trp 

aac 

Asn 

cc c 

Pro 
74. 

atg 
Met 

act 
Thir 

ttg 
Luell 
490 

gca 
Ala 

titt 
Phe 

tot 
Ser 

tat 

gat 
Asp 
st O 

ggc 
Gly 

aag 
Lys 

tet c 
Phe 

gcc 
Ala 

Cala 

Glin 
650 

cgt 
Arg 

to c 

Ser 

gct 
Ala 

gat 
Asp 

citt 

Luell 
73 O 

cott 

Pro 

gala 
Glu 

a.a.a. 

Lys 
47s 

a.a.a. 

ata 
Ile 

ggt 
Gly 

att 
Ile 

gct 
Ala 
555 

tta 
Luell 

atg 
Met 

CCa 

Pro 

tat 

toa 
Ser 
635 

a.a.a. 

gct 
Ala 

a.a.a. 

999 
Gly 

gag 
Glu 
71s 

tgc 
Cys 

gC9 
Ala 

CCa 

Pro 

US 8,853,493 B2 
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Cat 
His 

att 
Ile 

toa 
Ser 

gct 
Ala 

gca 
Ala 
54 O 

ggc 
Gly 

tto 
Phe 

att 
Ile 

Cag 
Glin 

ca 

Glin 
62O 

ttg 
Lell 

agg 
Arg 

gta 
Wall 

att 

Ile 

att 

Ile 
7 OO 

aac 

Asn 

gaa 
Glu 

gta 
Wall 

aat 
Asn 

cga 
Arg 

gat 
Asp 
525 

gct 
Ala 

Ctg 
Lell 

aag 
Lys 

aag 
Lys 

cgc 
Arg 
605 

gtt 
Wall 

gag 
Glu 

Cat 
His 

gac 
Asp 

tgt 
Cys 
685 

Cag 
Glin 

aag 

a Ca 

Thir 

tac 

a Ca 

Thir 
765 

titt 
Phe 

gtC 
Wall 

agg 
Arg 
51O 

gtt 
Wall 

gtt 
Wall 

gtt 
Wall 

aca 

Thir 

gag 
Glu 
59 O 

att 
Ile 

Ctg 
Luell 

CC a 

Pro 

Cat 
His 

agg 
Arg 
67 O 

CaC 

His 

ggt 
Gly 

titt 

Phe 

tat 

gca 
Ala 
7 O 

to a 

Ser 

aga 
Arg 

aag 
Lys 
495 

at a 
Ile 

acc 

Thir 

gtt 
Wall 

tgt 
Cys 

tgg 
Trp 
sts 

citc. 
Luell 

at a 
Ile 

teta 
Luell 

aat 
Asn 

aca 

Thir 
655 

agt 
Ser 

CC a 

Pro 

aca 

Thir 

aca 

Thir 

gca 
Ala 
73 

Cat 

His 

gac 
Asp 

atg 
Met 
48O 

gtt 
Wall 

cott 
Pro 

Cat 
His 

gcc 
Ala 

gct 
Ala 
560 

cag 
Glin 

Cta 
Luell 

ttic 
Phe 

tat 
Tyr 

tat 

Tyr 
64 O 

agg 
Arg 

999 
Gly 

acg 
Thir 

agc 
Ser 

gct 
Ala 
72O 

agg 
Arg 

citt 

Luell 

agt 
Ser 

44 O 

488 

536 

584 

632 

728 

776 

824 

872 

92 O 

96.8 

2112 

216 O 

2256 

23O4. 

2329 

78 



<210s, SEQ ID NO 24 
&211s LENGTH: 
212. TYPE : 

<213> ORGANISM: Gossypium herbaceum 
PRT 

<4 OOs, SEQUENCE: 

Arg 
1. 

Ser 

Ile 

His 
65 

Ala 

Glin 

Ile 

Thr 
145 

Lell 

Gly 

Thir 

Wall 
225 

Glin 

Pro 

Lell 

Pro 

Tyr 
3. OS 

Trp 

Trp 

Glu Ser Tyr 

Luell 

Thir 

Glu 
SO 

Luell 

Luell 

Pro 

Arg 
13 O 

Ala 

Asn 

Ile 

Asn 

Arg 
21 O 

Wall 

Trp 

Met 

Asn 

Glin 
29 O 

His 

Luell 

His 

Asn 

Ile 

Tyr 

Luell 
35 

Phe 

Gly 

Glin 

Pro 

Luell 
115 

Pro 

Phe 

Arg 

Met 
195 

Glu 

Glu 

Pro 

Glu 

Glu 

Glu 

Glu 

Ala 

Asp 

Met 
355 

Thir 

Ile 

Arg 

Luell 

Wall 

Wall 

Gly 

Thir 

Ile 

Asp 

Lys 
18O 

Arg 

Luell 

Tyr 

Wall 
26 O 

Arg 

Asp 

Ser 

Thir 
34 O 

Met 

Ile 

776 

24 

Lell 
5 

Ala 

Asp 

Wall 

Phe 

Lell 
85 

Gly 

Glu 

Glin 

Glu 

Wall 
1.65 

Ala 

Arg 

Thir 

Phe 

Lell 
245 

Cys 

Glin 

Glu 

Pro 

Wall 
3.25 

Gly 

Asn 

Asn 

Gly 

Gly 

Asp 

Wall 

Lell 
70 

Asp 

Arg 

Gly 

Met 

Pro 
150 

Ser 

Lell 

Phe 

His 
23 O 

Glin 

Ile 

Tyr 
310 

Glu 

Phe 

79 

Pro 

Asp 

Ile 
55 

Glin 

Ile 

Ser 

Ile 

Gly 
135 

Lieu 

Ser 

Arg 

Pro 
215 

Glu 

Wall 

Ile 

Thir 

Asp 
295 

Ala 

Ala 

Glu 

Ser 

His 

Luell 

Asp 
4 O 

Gly 

Wall 

Phe 

Glu 
12 O 

Luell 

Pro 

Arg 

Gly 

Arg 

Wall 

Thir 

Gly 

Wall 

Ala 

Ile 

Met 
360 

Arg 

Luell 

Pro 
25 

Gly 

Luell 

Luell 

Tyr 
105 

Ser 

Ser 

Wall 

Pro 

Wall 
185 

Ile 

Asp 

Asn 

Glu 
265 

Luell 

Met 

Glu 

Ile 

Asp 
345 

Wall 

Glin 

Pro 

Phe 

Ser 

Ala 

Glin 

Arg 
90 

Ser 

Trp 

Luell 

Ile 

Luell 
17O 

Ser 

Asp 

Gly 

Glin 
250 

Gly 

Luell 

Phe 

Luell 
330 

Asn 

Wall 

Ala 

Wall 

Gly 

Ala 

Ala 

Glu 

Pro 

Arg 

ASn 

Asp 
155 

Ser 

Wall 

Gly 

Arg 

Phe 
235 

Glin 

Glin 

Lys 

Thir 

Gly 
315 

Pro 

Luell 

Gly 

Glin 

US 8,853,493 B2 
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Ser 

Met 

Arg 
6 O 

Asp 

Lell 

Asp 

Gly 

Ile 
14 O 

Phe 

Asp 

Glu 

Lell 

Gly 
22O 

Ile 

Arg 

Arg 

Wall 

Wall 
3 OO 

Ile 

Pro 

Pro 

Gly 

Asp 

Asp 

Glin 
45 

Ala 

Ala 

Pro 

Lell 

Phe 
125 

Asp 

Wall 

Ala 

Wall 

Thir 

Thir 

Ile 

Pro 

Thir 
285 

Glin 

Pro 

Glin 

Thir 
365 

Ser 

Gly 

Glu 

Arg 

Asp 

Pro 

Thir 

Gly 
11 O 

Met 

Thr 

Asp 

Thir 
19 O 

Ser 

Met 

Glin 

Asn 

Ser 
27 O 

His 

Ile 

Trp 

Wall 
35. O 

Wall 

Wall 

Arg 
15 

Phe 

Arg 

Luell 

Glin 

Thir 
95 

Arg 

Glin 

Ser 

Gln 

Arg 

His 

Glin 

His 

Tyr 
255 

Glin 

Asn 

Ser 

Luell 
335 

Gly 

Asn 

Ala 

Arg 

Glu 

His 

Glu 

Arg 

Ser 

Ser 

Lieu 
160 

Wall 

Arg 

Ala 

Ser 

Thir 
24 O 

Luell 

Arg 

Ala 

Glu 
32O 

Glin 

Asn 

Arg 

80 



Arg 
385 

Phe 

Wall 

Glin 

Asn 

Lell 
465 

Ser 

Gly 

Lell 

Pro 

Ser 
5.45 

Glin 

Asp 

Ile 

Glu 
625 

Glin 

Lell 

Asn 

Glu 

Arg 
7 Os 

Asp 

Ala 

Gly 

37 O 

Phe 

Asn 

Glu 

Pro 

Asn 
450 

Gly 

Gly 

Wall 

His 
53 O 

Glin 

Ala 

Pro 

Ser 

Arg 
610 

Luell 

Pro 

Phe 

Ile 

Phe 
69 O. 

Pro 

Ala 

Thir 

Ala 

Ser 
770 

Pro 

Glin 
435 

Gly 

Ile 

Glin 

Arg 

Ser 
515 

Pro 

Asp 

His 

Ala 

Phe 
595 

Asp 

Asp 

Pro 

Ala 

Luell 
675 

Asp 

Ala 

Luell 

Arg 

Phe 

Met 

Glu 

Wall 

Asn 

Ser 

Wall 

Asn 
SOO 

Asp 

Gly 

Trp 

Arg 

Arg 

Arg 

Gly 

Ala 

Wall 

Asn 
660 

Pro 

Phe 

His 

Glin 

Ser 
740 

Arg 

Thir 

<210s, SEQ ID NO 

Glu 

Pro 
4 OS 

Lell 

Lys 

Lell 

Ser 

Lell 
485 

Thir 

Arg 

Glu 

Pro 

Glin 
565 

Gly 

Arg 

Wall 

Ile 

Thir 
645 

Asn 

Gly 

Tyr 

Tyr 

Ser 
72 

Wall 

Ala 

Ser 

25 

Lell 
390 

Wall 

Glu 

Glin 
470 

Ala 

Wall 

Pro 

Asp 

Glu 
550 

Glu 

Thir 

Ala 

Ser 

Arg 
630 

Phe 

His 

Thir 

Lell 

His 

Lell 

Ser 

Arg 

Gly 

81 

375 

Ala 

Lell 

Thir 

Ile 

Gly 
45.5 

Asn 

Lell 

Thir 

Ser 
535 

Wall 

Lell 

Wall 

Thir 

Glu 
615 

Wall 

Asn 

Wall 

Cys 
695 

Wall 

Thir 

Ile 

Phe 

Pro 
775 

Glin 

Pro 

Arg 

Asp 
44 O 

Asp 

Wall 

Wall 

Ile 

Ser 

Thir 

Ile 

Ser 

Gly 

Gly 

Ala 

Wall 

Asp 

Wall 

Ser 

Luell 

Asn 

Wall 

Tyr 
760 

Ala 

Met 

Pro 

Tyr 
425 

Luell 

Luell 

Luell 

Ala 

Asp 
505 

Ile 

Pro 

Glin 

Gly 
585 

Glin 

Glin 

Wall 

Arg 
665 

Asp 

His 

Trp 

Asn 

Pro 
74. 

Met 

Cys 

Ile 

His 

Luell 

Lys 

Thir 

Luell 
490 

Ala 

Phe 

Ser 

Asp 
570 

Gly 

Phe 

Ala 

Glin 
650 

Arg 

Ser 

Ala 

Asp 

Luell 
73 O 

Pro 

Glu 

Tyr 
395 

Ser 

Asp 

Ile 

Arg 

Lys 

Ile 

Gly 

Ile 

Ala 
555 

Luell 

Met 

Pro 

Ser 
635 

Ala 

Gly 

Glu 

Cys 

Ala 

Pro 

US 8,853,493 B2 

- Continued 

Ile 

Ala 

Ala 

Wall 

Ile 
460 

His 

Ile 

Ser 

Ala 

Ala 
54 O 

Gly 

Phe 

Ile 

Glin 

Glin 

Lell 

Arg 

Wall 

Ile 

Ile 
7 OO 

Asn 

Glu 

Ser 

Arg 

Met 

Ile 
445 

Wall 

Asn 

Arg 

Asp 
525 

Ala 

Lell 

Arg 
605 

Wall 

Glu 

His 

Asp 

Cys 
685 

Glin 

Thir 

Thir 
765 

Gly 

Pro 

Ile 
43 O 

Luell 

Glu 

Phe 

Wall 

Arg 

Wall 

Wall 

Wall 

Thir 

Glu 
59 O 

Ile 

Luell 

Pro 

His 

Arg 
67 O 

His 

Gly 

Phe 

Ala 
7 O 

Ser 

Met 

Glu 
415 
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What is claimed is: 
1. A method of virus-induced gene silencing (VIGS) in 

cotton comprising: 
(a) inserting a nucleic acid comprising a first silencing 

sequence capable of silencing a first desired gene into a 
vector comprising a tobacco rattle virus (TRV) RNA2 
sequence to produce a vector comprising a modified 
TRV RNA2 sequence: 

(b) preparing a mixed culture of Agrobacterium compris 
ing Agrobacterium containing a vector comprising a 
modified TRV RNA1 sequence and Agrobacterium con 
taining the vector comprising the modified TRV RNA2 
sequence, wherein the modified TRV RNA1 sequence is 
a TRV RNA1 sequence into which an intron has been 
inserted, wherein the insertion is within positions corre 
sponding to 10919-10922 of SEQID NO: 1: 

(c) introducing the mixed culture of Agrobacterium into 
plant tissue of cotton to produce infected plant tissue; 
and 

(d) growing the infected plant tissue for a Sufficient to 
produce systemic TRV infection in the infected plants 
and to thereby induce gene silencing of the first desired 
gene. 

2. The method of claim 1, wherein the vector comprising 
TRV RNA2 and the vector comprising TRV RNA1 are syn 
thetic plant vectors. 

3. The method of claim 1, wherein the first silencing 
sequence is a sequence of a sense Strand of the first desired 
gene. 

4. The method of claim 1, wherein the first silencing 
sequence is a sequence of an antisense Strand of the first 
desired gene. 
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5. The method of claim 1, wherein the first silencing 

sequence encodes a short hairpin RNA (shRNA) or a precur 
sor microRNA (miRNA). 

6. The method of claim 1, wherein the nucleic acid further 
comprises a second silencing sequence capable of silencing a 
second desired gene. 

7. The method of claim 1, wherein the nucleic acid com 
prises multiple silencing sequences capable of silencing mul 
tiple desired genes. 

8. The method of claim 1, wherein the desired gene is a 
candidate transcription factor gene. 

9. The method of claim 1, wherein the desired gene is a 
candidate gene in SmRNA biosynthesis. 

10. The method of claim 1, wherein the desired gene is 
selected from the group consisting of (a) a candidate gene in 
a proanthocyanidin or anthocyanidin biosynthetic pathway, 
(b) a candidate gene in cotton fiber development, (c) a candi 
date gene in a chlorophyll or arotenoid biosynthetic pathway 
and (d) a candidate gene in a flavonoid biosynthetic pathway. 

11. The method of claim 10, wherein the candidate gene in 
cotton fiber development is a candidate gene in cotton fiber 
initiation, elongation, secondary wall deposition, maturation 
or seed development. 

12. The method of claim 1, wherein the cotton tissue is a 
cotton plant, a cotton seedling, a cotton ovule or cotton fiber. 

13. The method of claim 1, wherein the cotton is a diploid 
variety, a tetraploid variety, a variety of an inter-species cross 
or a variety of an interspecies cross. 
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